AD  NUMBER  DATE 

1  REPORT  IDENTIFYING  INFORMATION 

£ 

1 

* 

4 

A.  ORIGINATING  AGENCY 

Aiwa!  faUrtulotk.  School,  /f 21^2. - 

B  REPORT  TITLE  AND/PR  NUMBER  . 

Avis*,*-,  tmttfifp  O^tU*"** J**)1 

a>'Ur>bth',M  »(■  H^c  t he****  ■  •  • 

C.  MONITOR  REPORT  NUMBER 

/?*  l&rdt  C4wh*4  sWi,  htfii  1  itftwh  2$$^ 

D  PREPARED  UNDER  CONTRACT  NUMBER 

2.  DISTRIBUTION  STATEMENT 

APPROVED  FOR  PUBLIC  RFLEASE; 

DiSiRlbUDON  UNLIMJTEJ) 

n||r  Form  SO  PREVIOL 

JUL  96 


rvnr*  Arrpcigjoisj 


CM  9ster 

SOLETE 


70910386 


CIVIL 

ENGINEERING 

RESEARCH 


ANALYZING,  EVALUATING, 
AND  QUANTIFYING  THE 
THERMAL  ENERGY 
CONTRIBUTIONS  OF  THE 
PASSIVE  SOLAR-HEATING 
ELEMENTS  INCORPORATED  IN 
THE  DESIGN  AND 
CONSTRUCTION  OF  THE 
PLUMBLEE  RESIDENCE 
LOCATED  IN  ALAMANCE 
COUNTY,  NC 


Presented  By 

Mark  A.  Terrell 
Graduate  Student 


Under  the  Direction  of 

Dr.  Michael  L.  Leming 
Associate  Professor,  Construction 
Engineering  &  Management 


August  2004 

DISTRIBUTION  STATEMENT  A 

Approved  for  Public  Release 
Distribution  Unlimited 


NC  STATE  UNIVERSITY 


DEPARTMENT  OF  CIVIL  ENGINEERING 
NORTH  CAROLINA  STATE  UNIVERSITY 


20070910386 


ANALYZING,  EVALUATING,  AND  QUANTIFYING  THE  THERMAL 
ENERGY  CONTRIBUTIONS  OF  THE  PASSIVE  SOLAR-HEATING 
ELEMENTS  INCORPORATED  IN  THE  DESIGN  AND  CONSTRUCTION  OF 
THE  PLUMBLEE  RESIDENCE  LOCATED  IN  ALAMANCE  COUNTY,  NC 


Presented  By 

Mark  A.  Terrell 
Graduate  Student 


Under  the  Direction  of 
Dr.  Michael  L.  Leming 

Associate  Professor,  Construction  Engineering  &  Management 


North  Carolina  State  University 

Department  of  Civil,  Construction,  and  Environmental  Engineering 

Raleigh,  NC 


August  2004 


ABSTRACT 


Currently,  nationwide  efforts  are  being  made  to  help  policymakers,  construction 
professionals  and  consumers  become  more  aware  of  the  benefits  of  incorporating  sustainable 
energy  principles  in  residential  building  design  and  construction  (Miller  1 996).  Any  success  in 
applying  these  principles  is  the  result  of  effective  communication  by  design  professionals  to 
builders  and  homeowners  in  understanding  cost  benefit  tradeoffs  for  using  sustainable  energies 
in  homes.  The  Gordon  and  Janice  Plumblee  Residence,  located  on  1742  Routh  Road  in 
Burlington,  NC,  is  an  example  of  how  passive  solar-heating  design  elements,  along  with  simple 
conventional  construction  techniques,  have  created  a  comfortable,  affordable,  and  low-energy 
consumption  home. 

This  report  evaluates  the  passive  solar  and  energy  conservative  elements  incorporated  in 
the  Plumblee  Home  and  quantifies  the  significance  of  each  element  energy  contribution.  A 
model  of  the  thermal  performance  of  the  home  is  compared  to  the  actual  performance.  The 
accuracy  of  the  model  is  verified.  The  modeling  software  is  used  to  perform  a  sensitivity  study 
of  the  thermal  performance.  An  analysis  of  the  construction  methods  and  materials  used  is 
presented. 
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1.  Introduction 


Passive  solar-heating  elements  used  in  residential  home  design  and  construction  offer 
significant  benefits  in  advancing  to  more  sustainable  energy  usage  nationwide.  Capturing  the 
free  heat  directly  from  the  sun  in  a  controlled  environment  of  a  passive  solar  home  makes  solar 
energy  economically  and  environmentally  more  attractive  (Chiras  2002).  In  addition,  the  natural 
sunlight  brought  in  from  large,  south-facing  windows  brightens  the  interior.  Passive  solar 
features  that  utilize  the  benefits  of  sunlight  aid  in  lower  energy  consumption  of  other 
nonrenewable  energy  sources  and  provide  natural  lighting  as  a  delightful  comfort  for  home 
occupants  (Rucker  1992). 

Passive  solar  design  is  based  upon  understanding  the  principles  of  heat  transfer  through 
various  building  surfaces.  Residential  homes  experience  heat  gains  or  losses  through  elements 
such  as  windows,  doors  or  chimneys,  and  through  ceilings,  walls,  floors,  and  air  infiltration. 
Determining  whether  the  heat  transfer  is  either  a  loss  or  a  gain  is  a  function  of  the  seasonal 
changes  in  the  motion  of  the  earth  around  the  sun.  For  the  earth  s  northern  hemisphere,  the  sun 
track  is  higher  in  the  sky  during  the  summer  (cooling  season)  and  lower  during  the  winter 
(heating  season).  The  seasonal  location  of  the  sun,  combined  with  the  construction  details  of  the 
home,  affect  how  much  heat  loss  or  solar  gain  is  experienced.  Designers  understanding  heat 
transfer  concepts  can  incorporate  passive  solar-heating  principles  in  the  design  of  any  style  home 
(Chiras  2002). 

The  case  study  home  in  this  report  is  the  residence  of  Gordon  and  Janice  Plumblee  located  in 
Alamance  County,  NC.  The  Plumblee  Home  is  a  “direct  gain”  passive  solar  home.  This  means 
that  the  house  collects,  stores,  and  distributes  the  solar  heat  throughout  the  house. 
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1.1,  Professional  Guidelines  for  Passive  Solar  Homes 

Passive  solar  design  applies  energy-saving  techniques  using  conventional  design  and 
construction  practices  as  incorporated  in  the  Plumb  lee  Home.  Debra  Coleman,  Architect  for  the 
Plumblee  Home,  prescribed  the  following  passive  solar  design  factors  for  creating  a  comfortable, 
low-energy  consuming  home  (Rucker  1992): 

1 .  Home  orientation,  shape,  and  floor  plan. 

The  floor  plan  is  oriented  with  the  elongation  in  the  east- west  direction  allowing  the  long 
exterior  walls  to  face  north  and  south.  Heat  generating  rooms  such  as  the  kitchen  and 
laundry  are  located  on  the  colder  northern  side.  Living  areas  intended  for  more  frequent  use 
share  the  common  south-facing  wall.  A  rectangular  configuration  without  projections  from 
the  south  wall  is  preferred  in  order  to  place  south-facing  windows  to  receive  winter  sun.  Any 
protrusion  to  the  south  will  shade  adjacent  windows  (Rucker  1992). 

2.  Window  placement  and  shading. 

Passive  solar  homes  benefit  from  receiving  sunlight.  The  maximum  recommended  south¬ 
facing  window  area  is  12%  of  the  floor  area.  North,  east,  and  west  windows  should  not 
exceed  4%  of  the  floor  area  (Chiras  2002).  Special  attention  is  required  for  designing  roof 
overhangs  including  gutters.  Overhang  lengths  without  gutters  vary  from  3.5  feet  in  hot 
climates  to  only  12  inches  for  colder  climates.  The  south  eaves  will  shade  the  windows  from 
high  summer  sun  but  allow  tow  winter  sun  to  penetrate  deep  into  the  home  (Rucker  1993). 
Professional  consultation  is  advised  for  specific  situations. 

3.  Heat-absorbing  materials. 

In  order  to  moderate  inside  temperature  changes  and  to  prevent  overheating  of  the  home, 
thermal  masses  or  heat- absorbing  materials  are  utilized  to  collect  or  store  heat  from  solar 
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gains.  Brick  chimneys  or  concrete  floors  covered  with  stone,  decorative  tile,  or  brick  pavers 
serve  as  heat-absorbing  thermal  mass  adding  additional  comfort  and  aesthetics  to  the  home. 

4.  Insulation  and  air  infiltration  control. 

No  additional  insulation  is  required  above  current  regulations.  Prior  to  insulating  all 
building-envelope  surfaces,  joints  are  carefully  caulked  around  exterior  walls  and 
intersecting  floors  and  ceilings.  Exterior  walls  and  ceiling  receive  a  continuous  vapor  bamer 
sealed  from  any  penetration  or  tear.  Doors,  windows,  electrical  boxes,  and  pipe  penetrations 
are  sealed  and  foamed  around.  Energy-efficient  windows  and  inner  doors  separating 
entryways  and  main  living  spaces  are  recommended.  These  extra  precautions  minimize  air 
infiltration  (Rucker  1992). 

5.  Mechanical  system. 

Passive  solar  homes  require  less  heating  because  of  south-glazing  solar  gains  in  the  winter 
and  less  cooling  due  to  overhang  shading  in  the  summer.  A  heating,  ventilation,  and  air- 
conditioning  (HVAC)  system  complementing  these  passive  solar  features  is  essential  (Chiras 
2002).  Again,  professional  consultation  is  advised  for  specific  situations. 

6.  Quality  control  of  construction  methods  and  materials. 

Respect  and  understanding  of  energy-efficient  design  and  concepts  is  necessary  during  the 
construction  phase  of  a  passive  solar  home.  A  comfortable,  low-energy  home  is  only 
achieved  by  abiding  to  the  details  provided  in  blueprints  and  energy-efficient  specifications 
(Rucker  1992). 

1 .2.  Limitations  of  Passive  Solar  Design 

Optimal  performance  and  desired  comfort  are  best  achieved  when  the  basic  principles  of 
passive  solar  design  are  applied  under  professional  supervision.  The  ratio  of  south- facing 
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windows  to  thermal  storage  mass  directly  affects  the  overall  thermal  performance  of  the  home* 
The  auxiliary'  heating  system  may  require  additional  runtime  during  the  winter  if  the  amount  of 
south- facing  windows  is  less  than  optimal*  Otherwise,  undersized  thermal  mass  can  cause 
daytime  overheating*  Although  some  remediation  can  be  performed  after  construction,  the  basic 
shape,  cross-sectional  construction,  and  orientation  of  the  home  cannot  easily  be  changed  later* 
Therefore,  having  the  home’s  insulation  details,  air  infiltration  control,  and  major  axis  oriented 
east -west  are  essential  fundamentals  for  an  effective  passive  solar  home  (Chiras  2002)* 

1.3.  Description  of  Plumblee  Home 


Figure  1  -  Southeast  View  of  Plumblee  Residence  (photo  by  Gordon  Plumblee) 

The  Plumblee  Home  located  in  central  North  Carolina  is  secluded  by  surrounding  farmland 
and  natural  landscaping  overlooking  a  private  lake*  The  exterior  facade  is  cypress  beveled  siding 
covered  on  the  north  and  east  sides  by  a  wrap-around  porch*  This  single-story  home  has  an 
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abundance  of  south-facing  windows  with  brick  veneer  covering  the  foundation  and  southwest 
comer  along  with  the  northwest  garage  wall. 


Figure  2  -  Floor  Plan  of  Plumblee  Residence  (Rucker  1993) 

The  2160  square-feet  home  has  its  major  axis  oriented  east-west  to  make  the  long  south¬ 
facing  wall  available  to  the  sun.  Interior  features  include  vaulted  ceilings  over  kitchen  and  living 
space,  hardwood  floors,  French  doors,  brick  hearth,  and  brick  pavers  on  the  floor  adjacent  to  the 
south-facing  windows  providing  natural  sunlight.  The  living  room,  study,  master  bedroom,  and 
sunroom  share  the  common  south- facing  exterior  wall  allowing  the  home  occupants  to 
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experience  the  view  and  desirable  comfort  provided  by  the  windows.  The  kitchen,  laundry,  and 
other  heat  generating  rooms  are  located  on  the  colder  northern  side, 

1.4.  Design  and  Construction  Professionals  Involved 

The  successful  completion  and  high  energy-efficient  performance  of  the  Plumblee  Home  is  a 
direct  result  of  effective  communication  and  comprehensive  understanding  of  the  design  details 
and  construction  aspects  by  all  parties  involved  in  the  building  of  the  home.  Debra  R.  Coleman, 
A1A  provided  the  design  documents  and  drawings  based  on  the  homeowner’s  desired 
characteristics.  Harry  Boody,  PE  of  Guaranteed  Energy  Efficient  Systems,  Inc.  was  responsible 
for  the  insulation,  caulking,  vapor  barrier,  and  mechanical  system  installation.  Rex  S.  Terrell,  a 
homebuilder  from  Burlington,  NC,  provided  the  quality  construction  supervision,  adhering  to  the 
energy-conserving  and  comfort  details  desired  by  the  homeowner  (Rucker  1992). 

1.5.  Overview  of  Energy-10  Software 

Energy-10  is  a  creditable  software  analysis  program  for  conceptual  design  of  energy-efficient 
buildings  produced  by  the  U.S.  Department  of  Energy  (DOE)  at  the  National  Renewable  Energy 
Laboratory  (NREL).  The  program  allows  professional  solar  designers  to  predict  the  energy 
performance  of  a  small-size  facility  to  achieve  optimal  comfort,  performance,  and  economy 
(Chiras  2002). 

The  selection  of  using  Energy-10  was  recommended  by  Ms.  Debra  R.  Coleman,  ALA  of  Sun 
Plans  Inc.  Ms.  Coleman,  knowing  the  popularity  of  the  software  among  passive  solar  designers, 
felt  the  thermal  simulation  analysis  by  Energy- 10  would  provide  insight  in  the  effects  of  passive 
solar  and  energy  conservative  features  incorporated  in  the  Plumblee  Home. 
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2.  Research  Significance 

The  various  passive  solar  features  of  the  Plumblee  Home  have  created  a  comfortable,  low- 
energy  use  home  (corresponding  with  the  homeowner).  The  contributions  of  the  various  thermal 
energy  features  built  into  the  home  have  not  been  fully  quantified.  This  report  provides  an 
important  addition  to  the  body  of  knowledge  of  passive  solar  home  performance  and  will  be  of 
significant  value  to  the  engineer,  architect,  planning  commissions  and  other  parties  implementing 
effective  passive  solar  and  energy  efficient  home  design.  Unique,  long  term  operating  data  on 
the  energy  consumption  of  the  Plumblee  Home  is  available  from  the  homeowner.  The 
completeness  of  this  data  makes  the  home  an  ideal  candidate  for  further  detailed  analysis.  Little 
information  exists  in  the  published  literature  which  provides  quantitative  estimates  of  the  effects 
of  passive  solar  and  energy  conservative  features  incorporated  into  residential  dwellings. 

2.1.  Research  Objectives 

1 .  Analyze  and  evaluate  the  actual  thermal  performance  of  the  Plumblee  Home. 

2.  Model  the  predicted  thermal  performance  with  a  creditable  energy  efficiency  software 
program  for  sustainable  buildings. 

3.  Compare  the  actual  thermal  performance  with  the  modeled  thermal  performance  and  verify 
the  software  output  for  general  conformance. 

4.  Evaluate  and  quantify  the  thermal  energy  contributions  of  the  various  passive  solar  and 

energy  conservative  elements  in  the  Plumblee  Home. 

5.  Identify  the  effect  of  the  various  passive  solar  energy  conservative  elements  in  terms  of  cost 

savings. 

6.  Identify  ways  to  improve  the  thermal  performance  of  the  Plumblee  Home. 
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3.  Methods  Used  for  Resolution 

In  order  to  quantify  the  impact  of  each  feature,  the  actual  total  thermal  energy  use  was 
compared  with  the  total  projected  use  simulated  in  the  software  modeling  program.  The  various 
solar  and  energy  conservative  features  were  then  incorporated  into  the  model  to  determine  their 
effect  to  the  overall  house  performance.  The  thermal  energy  contribution  of  each  feature  was 
ranked  and  evaluated. 

The  following  procedures  established  the  database  used  in  this  study: 

1.  Gather  and  classify  information  to  establish  the  database. 

a.  Collect  actual  energy  use  records  from  the  homeowner  and  develop  graphical 
representations  suitable  for  analysis. 

b.  Collect  historical  weather  and  climatologic  data  from  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA)  for  Burlington,  NC. 

2.  Select  a  creditable  software  analysis  program  which  can  simulate  the  thermal  performance  of 
a  passive  solar  and  energy  conservative  home. 

3.  Verify  accuracy  of  the  software  modeling  program  for  general  conformance  with  actual  data. 

a.  Model  and  estimate  the  projected  annual  thermal  energy  performance  of  the  passive 
solar  home  using  the  software  program. 

b.  Compare  the  actual  annual  energy  use  with  the  modeled  annual  energy  use  projected 
by  the  software  program. 

c.  Verify  that  the  modeled  performance  is  acceptable  as  a  reasonable  projection  of 
annual  energy  use  for  the  Plumblee  Home. 

4.  Use  the  software  modeling  program  to  conduct  sensitivity  analyses  of  the  thermal 
performance  of  the  home. 
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a.  Vary  different  passive  solar  and  energy  conservative  features  using  the  software 
program  to  quantify  the  significance  of  each  element  incorporated  in  the  Plumblee 
Home. 

4,  Thermal  Performance  Derivations 

The  objective  of  obtaining  a  detailed  energy  use  analysis  of  the  Plumblee  Home  involves 
collecting  the  actual  energy  use  consumed  annually  and  modeling  the  projected  annual  energy 
use.  The  meticulous  records  kept  by  Mr.  Gordon  Plumblee,  have  provided  critical  information 
for  modeling  the  thermal  performance  efficiency  of  the  home.  Monthly  meter  readings  from 
separate  meters  for  the  total  house  electrical  load  and  the  HVAC  system  load  were  recorded  by 
Mr.  Plumblee  for  the  first  eight  years  of  operation.  Thus,  the  actual  thermal  performance  was 
determined  by  simply  separating  the  heating  and  cooling  loads  from  the  total  house  load. 

However,  modeling  the  thermal  performance  is  not  simple.  Thermal  performance  modeling 
requires  information  on  specific  details  of  the  home,  as  well  as  the  living  style  of  the  home 
occupants,  for  input  into  the  selected  energy  performance  design  software,  Energy- 10. 

4.1.  Summary  of  Data  Entry  for  Energy-10 

The  Plumblee  Home  is  a  single-story  dwelling  of  two  occupants  with  2160  square-feet  of 
conditioned  living  space  and  768  square-feet  of  unconditioned  garage  and  storage.  The  home  is 
heated  and  cooled  with  a  heat  pump  based  on  an  average  electricity  rate  of  $0,069  per  kilowatt- 
hour  of  usage  for  the  period  of  1991  to  1994.  All  climatology  and  weather  data  used  in  Energy- 
10  for  this  analysis  is  from  historical  data  reported  in  Greensboro,  NC,  the  nearest  reporting 
weather  station  to  the  actual  home  site  in  Burlington,  NC. 
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The  home  is  oriented  with  the  main  surface  area  of  glazing  due  south.  The  south-facing 
windows  account  for  206  square-feet  of  glazing  bordered  by  cypress  trim-siding.  The  north  and 
east  exterior  walls  are  constructed  with  the  standard  2x4  stud  frames,  R-13  batt-insulation,  and 
polyisocyanurate  foam  board.  A  covered  porch  finished  with  cypress  siding  also  extends  along 
the  north  and  east  facade.  The  western  portion  of  the  exterior  including  the  garage  is  covered 
with  brick  veneer.  The  north,  east  and  west  glazing  areas  are  33,  79,  and  25  square-feet 
respectively. 

Roof  construction  for  the  home  consists  of  trusses  with  attic  storage  space.  R-30  batt- 
insulation  is  over  the  western  portion  of  the  home  and  R-30  blown-in  insulation  over  the 
cathedral  ceilings  of  the  living  room,  dining  room,  and  kitchen.  The  overhangs  have  17  inches 
of  eaves  with  a  4  inch  gutter  to  provide  adequate  summer  shading  for  this  passive  solar  home. 
The  covered  porch  extends  6  feet  from  the  main  house  along  the  north  entrance  and  east  side  of 

the  house. 

Floor  construction  is  framed  over  a  crawlspace  block  foundation.  Basic  floor 
construction  is  hardwood  finish  over  plywood  sub-flooring  framed  with  2x10  joists  at  16  inches 
on-center  spacing  and  R- 19  batt-insulation.  The  laundry  room  and  bathrooms  are  vinyl  floors. 
Brick  pavers  cover  360  square- feet  of  floor  space  adjacent  to  the  south-facing  windows  serving 
as  thermal  storage  mass  (along  with  the  brick  chimney  and  hearth).  The  floor  construction  under 
the  brick  pavers  consists  of  4  inches  of  concrete  over  2x12  joists  at  12  inches  on-center  spacing 
and  R- 19  batt-insulation. 

The  heat  pump  has  a  high  coefficient  of  performance  (COP)  of  3.02  and  a  low  COP  of 
2.14  for  the  heating  season,  with  a  seasonal  energy  efficiency  ratio  (SEER)  of  10.1  for  the 
cooling  season.  The  air-handling  unit  and  insulated  ductwork  for  the  heat  pump  are  located  m 
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the  crawlspace.  Thermostat  comfort  set-points  are  68  degrees-Fahrenheit  for  the  heating  season 
and  77  degrees-Fahrenheit  for  the  cooling  season.  The  total  conditioned  house  volume  accounts 
for  18,653  cubic-feet  of  living  space.  The  average  air  infiltration  rate  for  the  living  space  is  0.22 
air-changes  per  hour  (ACH),  based  on  the  blower  door  tests  conducted  by  Duke  Power  Company 
in  August  1993  (Plumblee  2004). 

The  internal  gains  affecting  the  overall  thermal  performance  of  the  home  are  a  function  of  the 
interior  and  exterior  lighting  loads,  the  occupancy  schedule,  the  hot  water  usage,  and  other 
electrical  loads  from  basic  operating  appliances.  These  loads  given  in  peak  watts  per  square- 
foot,  with  their  associated  hourly  profiles  and  schedules,  are  listed  in  Appendix  A  along  with  a 
more  detailed  review  of  the  building  construction  described  above. 

4.2.  Modeling:  Energy-10  Software  Program 

Energy-10  was  validated  using  the  BESTEST  protocol.  The  BESTEST  procedure  was 
developed  within  the  International  Energy  Agency  Solar  Heating  and  Cooling  Program,  and  was 
adopted  by  DOE  and  the  international  community  as  the  accepted  basis  for  verifying  the 
credibility  of  computer  simulation  programs.  The  procedure  verified  the  simulation  results  of 
Energy- 10  for  two  defined  hypothetical  buildings,  a  low-mass  building  and  a  high-mass  building. 
The  simulation  is  considered  to  be  credible  if  the  given  results  fall  within  or  close  to  the  range  of 
results  obtained  using  other  simulation  programs.  Thermal  simulations  produced  by  Energy- 1 0 
were  reported  by  the  developers  as  performing  “very  well”  in  comparison  to  the  BESTEST 

standards  (Energy-1 0,  Help  Topics  -  Version  1 .5,  2002). 

The  thermal  performance  model  of  Energy-10  incorporates  heating  energy,  cooling  energy, 
heat  loss,  and  solar  gain  along  with  the  effects  of  added  thermal  mass,  shading  design,  glazing, 
building  orientation,  and  air  infiltration  control.  Simulated  results  involve  calculating  the  home  s 
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thermal  performance  relative  to  desired  indoor  temperature  and  overall  heat  transfer,  including 
both  losses  and  gains.  The  amount  of  useful  solar  energy  provided  to  the  home  is  dependent  on 
solar  radiation  as  well  as  conduction  losses,  air  infiltration  losses,  and  heat  gains  from  internal 
loads.  The  auxiliary  space  heating  or  cooling  required  is  the  amount  of  the  load  not  provided  by 
solar  energy  or  thermal  storage. 

The  rate  of  heat  loss  is  determined  by  the  resistance  to  heat  flow  (R-value)  of  various 
building  elements  for  the  walls,  floors,  ceilings,  windows,  doors,  etc.  The  overall  coefficient  of 
heat  transfer  (U-value)  is  determined  for  each  exterior  building  surface  as  the  reciprocal  of  the 
sum  of  the  R-values.  The  rate  of  conduction  heat  toss  is  the  total  surface  area  multiplied  by  the 
calculated  U-value  of  the  surface  and  the  temperature  difference.  Ultimately,  the  total  space  heat 
loss  is  then  the  sum  of  the  conduction  losses  and  air  infiltration  losses  through  the  various 
building  surfaces  (Ma2ria  1979). 

Energy-10  is  intended  to  be  used  during  the  conceptual  design  phase  before  construction 
documents  are  prepared.  For  this  research,  the  actual  energy  performance  of  the  Plumblee  Home 
had  already  been  monitored  and  recorded  as  monthly  electric  power  usage.  Therefore,  the 
projected  model  desired  from  Energy- 10  is  calibrated  by  actual  performance  data.  Furthermore, 
the  modeling  capability  of  Energy-10  allowed  the  contribution  of  each  passive  solar  and  energy 
conservative  feature  to  be  estimated.  The  individual  significance  of  each  feature  was  evaluated 
by  either  adding  or  subtracting  each  solar  element  from  the  input  data  of  the  model  simulated  in 
Energy- 10. 

4.3.  Actual  Performance:  Meter  Readings  Recorded  by  Homeowner 

The  actual  thermal  performance  of  the  Plumblee  Home  was  derived  from  the  metered 
electricity  usage  recorded  monthly  for  the  total  house  load  and  the  HVAC  system  load.  The 
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HVAC  system  load  is  subtracted  from  the  total  house  load  to  provide  the  power  usage  for  the 
auxiliary  appliances,  lights,  and  other  internal  gains.  The  power  usage  recorded  in  terms  of 
kilowatt-hours  (kWh)  was  converted  to  thermal  energy  use  in  terms  of  British-thermal-umts 
(BTU)  using  the  conversion  factor  of  one  kWh  is  equal  to  3,415  BTU.  Bar  graphs  of  the  annual 
energy  use  for  the  home  are  provided  in  Appendix  B  showing  the  monthly  HVAC  system  load 
and  total  house  load. 

The  modeled  output  report  from  Energy- 10  displays  the  annual  energy  use  generating  a  bar 
graph  of  the  heating  load,  cooling  load,  lighting  load,  other  house  loads,  and  total  load.  The 
output  is  in  terms  of  thousand  British-thermal -units  of  energy  per  square- feet  of  conditioned 
living  space  (kBTU/ft2).  In  order  to  verify  the  modeled  output  for  general  conformance,  the 
actual  HVAC  system  load  metered  is  divided  into  heating  and  cooling  season  loads  for 
comparison  to  the  model  report.  The  homeowner  reported  that  the  thermostat  was  changed  in 
October  for  the  heating  season  and  during  April  or  May  for  the  cooling  season.  Therefore,  the 
heating  season  form  the  Plumblee  Home  runs  from  November  to  March  and  the  cooling  season 
from  June  to  September.  Climatology  data  from  the  National  Climatic  Data  Center  of  the 
National  Oceanic  and  Atmospheric  Administration  (NOAA)  was  retrieved  online  for  the 
monthly  annual  heating  degree  days  and  cooling  degree  days  and  used  as  a  guide  for  verifying 
the  actual  months  of  the  heating  and  cooling  seasons. 
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5.  Discussion  of  Results 


The  results  of  the  thermal  analysis  of  the  Plumblee  Home,  as  modeled  by  Energy-10, 
correlated  well  with  the  actual  thermal  performance  of  the  house.  The  effect  of  various  passive 
solar  and  energy  conservative  measures  on  the  performance  of  the  home  was  evaluated.  These 
measures  were  evaluated  and  ranked  according  to  their  heating  contribution  to  the  house. 

5.1.  Verification  of  Model 

5.1.1.  Data  Evaluation  and  Analysis 


1991-1994  Energy  Use 


■  Heating 
9  Cooling 
□  Other 
a  Total 


Figure  3  -  Actual  Energy  Use  of  Plumblee  Home 


Actual  operating  data  for  the  years  1991  through  1994  were  selected  as  a  basis  for 
determining  how  the  House  actually  performs.  The  living  patterns  of  the  Plumblees  were  very 
consistent  during  these  years.  This  explains  why  the  heating,  cooling,  lighting  and  other  costs 
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were  so  consistent  during  the  1991  —1994  period.  This  fact  was  borne  out  in  the  very  consistent 


energy-use  data  recorded  for  these  years. 


Energy-10:  Modeled  Energy  Use 
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Figure  4  -  Model  of  Energy  Use  (Energy- 1 0) 


Year 

1991 

1992 

1993 

1994 

Heating 

5.1 

5.0 

6.4 

5.2 

Cooling 

4.3 

2.8 

4.2 

2.8 

Other 

12.8 

12.8 

12.9 

12.7 

Total 

22.1 

20.6 

23.5 

20.7 

Actual  Average 

5.4 

3.5 

12.8 

21.7 

Standard  Deviation 

of  Sample 

0.68 

0.80 

0.10 

1.39 

Energy- 10  Model 

Results 

6.4 

4.3 

13.5 

24.4 

Model  -  Actual  Avg 

1.43 

0.96 

6.83 

1.92 

Std  Dev 

%  of  Actual 

118% 

122% 

106% 

112% 

Table  1  -  Verification  of  Model  (units  =  kBTU/ft2) 
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There  are  three  important  findings  from  this  analysis.  First,  the  Energy  10  model  predicts  the 
actual  energy  use  quite  well.  The  model  appears  to  be  conservative  in  predicting  actual  energy 
usage  and  is  within  about  12  percent  of  the  total  house  energy  use.  Second,  the  model  is 
sufficiently  accurate  since  the  modeled  energy  use  for  heating  and  cooling  is  less  than  two 
standard  deviations  from  the  actual  average  energy  use.  For  the  other  category,  the  correlation 
between  the  model  and  the  actual  is  even  better  (see  Table  1).  Based  on  these  results.  Energy- 10 
was  found  to  be  an  acceptable  vehicle  for  evaluating  the  effectiveness  of  various  solar  and 
energy  conservation  measures  on  the  performance  of  passive  solar  residential  structures. 

5.1 .2,  Research  Limitation  of  Data  Input  Affecting  Thermal  Analysis 

The  actual  date  of  change-over  from  seasonal  operation  of  heating  or  cooling  is  unknown. 
Interpolations  of  the  heating  and  cooling  loads  were  calculated  using  the  percent  of  heating  or 
cooling  degree  days  recorded  in  climatology  data  for  the  months  of  April,  May,  and  October 
(NOAA).  If  the  yearly  turn-over  between  seasonal  room  temperature  settings  was  known,  then 
the  conformance  between  the  model  and  actual  performance  would  likely  be  improved. 
Although  the  uncertainty  exists.  Energy- 10  appears  to  be  sufficiently  accurate  in  the  correlation 

between  modeled  and  actual  energy  use. 

5.2.  Sensitivity  Study  of  Passive  Solar  and  Energy  Conserv  ative  Features 

5.2.  L  Factors 

Because  of  the  excellent  manner  the  Energy- 10  model  approximates  the  actual  performance 
of  the  Plumblee  House,  it  was  decided  that  Energy- 10  could  effectively  be  used  to  evaluate  the 
impact  of  various  passive  solar  and  energy  conservation  measures.  The  following  heating 
performance  measures  were  varied  independently  from  the  actual  home  construction  to  obtain 
predicted  performance  in  order  to  identify  those  areas  of  design  most  critical  to  performance. 
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•  House  orientation  rotated  15,  30,  and  45  degrees  east  of  true  south. 

•  South-facing  glazing  surface  area  and  type. 

•  Surface  area  of  windows  in  east,  west,  and  north  walls. 

•  Roof-overhang  lengths  (including  4  inch  gutter). 

•  Amount  of  thermal  storage  mass  provided  by  brick  pavers. 

•  Wall  construction  details;  2x4  to  2x6  exterior  frames. 

•  Room  temperature  set-points. 

•  Air  infiltration  control. 

5.2.2.  Findings 

(t)  Orientation: 


Effect  of  Orientation  on  Auxiliary  Heating  Requirements 


Figure  5  -  Model  of  Orientation  Effects  (using  Energy- 10) 

Additional  heating  is  required  when  positioning  the  home  orientation  with  the  major  axis  in  a 
direction  other  than  east-west.  A  15-degree  east  deviation  from  true  south  results  into  7.3 
percent  of  additional  auxiliary  heating  required. 
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(2)  Glazing: 

Converting  all  south -facing  windows  from  standard  glass  to  Low-E  glass  provides  a  6.5 
percent  cost  savings  in  auxiliary  heating  required.  Figures  6  and  7  below  show  the  effect  that 
increasing  the  south  facing  glazing  has  on  (1)  the  “Auxiliary  Heating  Requirements  and  (2)  the 
“Cooling  Requirements”  of  a  house.  As  would  be  expected,  an  increase  in  glazing  reduces  the 
heating  demand  and  increases  the  cooling  load. 


Effect  of  Glazing  on  Auxiliary  Heating  Requirements 


Glazing  in  South-Facing  Wail  (Low-E  Glass),  % 


Figure  6  -  Model  of  Glazing  Effect  on  Heating  (using  Energy- 10) 
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Figure  7  -  Model  of  Glazing  Effect  on  Cooling  (using  Energy- 10) 


(3)  Roof  Overhang: 

The  roof  overhang  length  was  varied  from  24  to  12  inches  of  boxed  eave  with  a  4  inch  gutter. 
A  reduction  in  overall  overhang  extension  from  28  inches  to  21  inches  yields  a  3.7  percent  cost 
savings  in  auxiliary  heating  required. 

(4)  Thermal  Mass  Effects: 

The  additional  thermal  storage  mass  provided  by  the  brick  pavers  and  concrete  in  the  floor 
area  along  the  south- facing  wall  provides  5.2  percent  of  cost  savings  in  auxiliary  heating 
requirements.  Any  additional  thermal  mass  may  cause  overheating  during  adverse  weather. 

(5)  Wall  Insulation: 
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Wall  construction  was  varied  in  the  thermal  simulation  by  changing  the  2x4  frame  with  R-13 
batt- insulation  to  2x6  with  R-19  for  the  exterior  walls.  A  13.5  percent  cost  savings  in  auxiliary 
heating  requirements  is  obtained  by  using  2x6  exterior  walls. 

(6)  Temperature  Set-point: 

Setting  back  the  thermostat  comfort  temperature  from  70  degrees-Fahrenheit  to  68°F  in  the 
heating  season  provides  a  28.3  percent  cost  savings  in  auxiliary  heating  required. 

(7)  Air  Infiltration  Control: 


Effect  of  Infiltration  on  Auxiliary  Heating  Requirements 
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Figure  8  -  Model  of  Air  Infiltration  Control  (using  Energy- 10) 


The  default  value  of  air  infiltration  rate  commonly  used  in  design  is  1.0  air-change  per  hour 
(ACH).  In  this  part  of  the  study,  air  infiltration  rates  were  varied  from  0.5  ACH  to  2.0  ACH.  A 
cost  savings  of  43  percent  in  auxiliary  heating  requirements  is  achieved  when  reducing  air 
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infiltration  from  1.0  ACH  to  0.5  ACH.  The  Plumblee  Home  has  an  average  air  infiltration  rate 
of  0.22  ACH.  The  extra  precautions  of  providing  a  continuous  vapor  barrier  and  sealing  off  all 
openings  and  penetrations  during  construction  has  produced  a  considerably  effective,  air-tight 
home. 

5.2.3.  Implications  of  Sensitivity  Analysis  of  Plumblee  Home 

Air  infiltration  and  room  temperature  control  are  considered  to  have  a  reasonably  significant 
effect  on  the  heating  performance  of  the  Plumblee  Home.  The  amount  of  heat  loss  through  the 
seams  or  cracks  of  windows,  doors,  walls,  and  ceilings  is  minimal  as  the  result  of  having  an  air¬ 
tight”  home  and  a  smaller  temperature  difference  from  outside  to  inside  conditions. 

Moderate  changes  in  heating  performance  appear  to  be  cost  effective  for  changing  2x4  to  2x6 
exterior  wall  construction  and  increasing  the  amount  of  Low-E  glass  in  south-facing  windows. 
The  remaining  features  are  considered  to  be  marginal  in  the  effect  of  heating  performance  and 
could  be  implemented  in  the  “fine-tuning”  of  the  conceptual  design. 

The  following  is  a  summary  of  the  effectiveness  of  various  passive  solar  and  energy 
conservative  features  for  improving  the  heating  performance  of  the  Plumblee  passive  solar- 
heated  home: 


Control  Measure  Implemented 

Percent  Cost  Savings 

Make  the  house  tighter. 

(i.e.,  reduce  the  infiltration  from  1  ACH  to  0.5  ACH) 

43.0% 

Reduce  room  temperature  by  2°F  (e.g.,  from  70°F  to  68°F). 

28.3% 

Increase  south-facing  Low-E  glazing  by  10  percent. 

15.0% 

Change  from  2x4  to  2x6  wall  construction. 

13.5% 

Reduce  window  area  in  east,  west  and  north  wall  by  50%. 

7.7% 

Orient  the  house  15°  more  toward  true  south. 

7.3% 
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•  Convert  south-facing  glazing  from  standard  glass  to  low-e  glass. 

•  Increase  thermal  mass  (brick  pavers)  in  floor  from  0%  to  17%. 

•  Reduce  roof  overhang  (from  28  in.  to  21  in.). 


6.5% 


5.2% 


3.7% 


Based  on  construction  methods  and  material  costs,  the  most  efficient,  energy  conservative 
measures  for  improving  heating  performance  in  order  of  cost  savings,  are  (1)  controlling  air 
infiltration  by  making  the  house  tighter,  (2)  setting  back  room  temperature,  and  (3)  laying  out  the 
house  in  the  beginning  with  the  major  axis  in  the  east -west  direction.  Room  temperature  is 
controlled  by  the  home  occupants  and  little  can  be  done  by  the  professional  to  modify  this 
parameter.  House  orientation  can  clearly  be  addressed  early  as  part  of  the  design  cost,  but  lot  or 
site  constraints  may  limit  options.  The  sensitivity  analysis  indicates  that  the  additional  time. 


materials,  and  labor  for  installing  a  vapor  barrier  and  caulking  cracks  or  seams  around  windows. 


doors,  walls,  and  ceilings  to  minimize  infiltration  are  clearly  worthwhile  and  should  be  included 
in  all  residential  construction.  The  sensitivity  analysis  suggests  that  the  effect  of  air  infiltration 
rate  on  energy  use  is  sufficiently  important.  Changes  in  the  building  code  which  would  result  in 
the  reduction  of  the  air  infiltration  rate  should  be  considered  for  all  new  construction.  Although 
not  included  in  this  case  study,  a  more  thorough  cost  analysis  of  the  thermal  performance  and 
energy  conservative  measures  is  recommended. 
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6.  Conclusions  and  Recommendations 

•  Energy-10  provided  a  conservative  model  of  the  thermal  performance  of  this  particular 
passive  solar-heated  home  and  was  considered  to  be  valid  for  conceptual  design  of  similar 
energy  efficient  buildings. 

•  Modeled  thermal  performance  simulated  by  Energy- 10  is  a  reasonably  accurate  projection  of 
the  actual  thermal  performance  experienced  by  the  Plumblee  Home. 

•  Energy-10  appears  to  be  sufficiently  accurate  in  the  correlation  between  modeled  and  actual 
energy  use,  considering  the  uncertainty  of  the  actual  date  of  change-over  from  seasonal 
operation  of  heating  or  cooling  for  the  Plumblee  Home  is  unknown. 

•  Energy- 10  provided  a  reasonable  prediction  of  the  effectiveness  of  passive  solar  and  energy 
conservative  features  incorporated  in  the  Plumblee  Home. 

•  Home  orientation,  window  placement,  insulation  details,  air  infiltration  control,  room 
temperature  setting,  and  quality  construction  are  the  considerably  significant  design  factors 
for  creating  a  comfortable,  low-energy  consuming  passive  solar-heated  home. 

•  Air  infiltration  and  room  temperature  control  are  considered  to  have  a  reasonably  significant 
effect  on  the  heating  performance  of  the  Plumblee  Home. 

•  A  thorough  cost  analysis  of  the  thermal  performance  and  energy  conservative  measures  is 

recommended. 

•  Additional  studies  are  recommended  to  compare  other  similar  passive  solar  homes  to  the 
Plumblee  Home. 
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APPENDICES 


APPENDIX  A 


{Energy-10:  Program  Input} 


Appendix  A 


Energy  Efficient  Case 


Input  reflects  actual  construction  details  and 
conditions  experienced  at  the  Plumblee  Home. 


Energy- 10:  Program  Input 
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Appendix  A 


New  Project  Information  Dialog  Box 


Provisional  Data  Dialog  Box 


Energy- 10:  Program  Input 
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Appendix  A 


Energy-10  has  completed  the  AutoBuild  process, 
creating  two  new  rectangular  building  descriptions. 

The  text  on  the  screen  shows  summary  information 
about  each  of  the  two  buildings. 

NEXT  STEPS: 


2.  Click  the  "run"  button  on  the  toolbar  [it 
looks  like  a  Ittie  running  person). 

3.  Fill  in  your  project  name  and  project  file 
information  in  the  Save  As  screen. 

4.  Click  OK  in  the  simulate  screen. 

5.  When  the  simulation*  are  finished, 
inspect  the  results  using  the  options  in  the 
Reports  menu. 


“AutoBuild”  Informational  Dialog  Box 


Building  Zones  Dialog  Box 


Energy- 10:  Program  Input 
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Abs  0fl*nl 


T* 


Windows  / 
Doors 


(North  Porch 

2x4  cypress 

^275.58 

14.53 

1 14.61 

-f 

”F“ 

90  [sTT 

H 

jEasl  Porch 

]2  x  4  cypress 

Q  287.97 

14.53 

]  11.96" 

F 

'IF 

[30  [tTT 

(South 

[2x4  cypress 

IQi  430.05 

14.53 

1 1 5  44 

[asi- 

fiicT 

190  |1370  IQ 

|West 

|2  x  4  brick 

^287.97" 

1 3.1  B 

1 19.30 

”F 

”[27T 

|90  (470 

lo 

]  North  Garag  |2  x  4  garage 

|Sj  204.32 

1 10.39  " 

1 19.72 

"F 

"F” 

[so  |070 

a 

1 - 

1 - 

M~ 

F 

[0.0 

'F 

|0  1 

\ - 

’1 - 

BF 

F 

0.0 

"F 

l« 

J°  1 

1 - 1 - 

Ip 

jo.o 

"F 

|o 

"[o  I 

“H 

Sum:j  1536.49 

|  B1.0 

'  C 

OK 

Cancel  | 

H*J 

Walls  Dialog  Box 


Wail  Construction  Dialog  Box  -  Cypress  Siding 
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Wall  Construction  Dialog  Box  -  Brick  Veneer 
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Wall  Construction  Dialog  Box  -  Living  Space  to  Garage 
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Windows  &  Doors  -  South 


Ktflnn 


Windows . 

Type 

Num 

UA 

BtWh-F 

Orient  Tilt 

Shading 

2058  double,  wo 

6  40,98 

jiiT^cT 

|36  deg  let  plumbl 

[2048  double,  wo 

2 

11.33 

1 1  so 

[30 

|36  deg  let  plumbl 

a 

[5858  double,  wo 

2 

35.33 

jl  80 

|30 

J3S  deg  let  plumbl 

|4858  double,  wo 

e 

1 

14.71 

|l  80 

[icT 

|36  deg  let  plumbl 

y 

[3858  double,  wo 

s 

11.77 

yl  80 

|90 

deg  let  plumbl 

|2SS8  double,  wo 

Ip? 

1 

1  8.54  ~ 

jl  80 

[m- 

]36  deg  let  plumbl 

r  Doors  -  No  Glazin^- 


1 - 

Q° 

0.00 

Ho 

J  0  00 

l  -  j-  —  -  -  ■  - 

t^io 

j  0.00 

UASum:j  122.66 

Windows  &  Doors  Dialog  Box  -  South-Facing 


JLJxJ 

OK 

Cancel 

Help 


Windows  Construction  Dialog  Box  -  South-Facing 
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Shading  Geometry  Dialog  Box  -  South-Facing 
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Roofs  -  Zone  1 


Ei  \  r  jftsPJiJ  4v?r 


_2J_SJ 


Name 

Roof  Type 

Gross 

Area 

R-vabe 

h-IP-F/Btu 

UA 

Btu/h-F 

Sola 

Abs 

Orient 

TSt 

Windows 

[North  Roof 

[shingle,  attic,  r-  1080.00 

30.50 

35.41 

j0 15 

0 

27 

IFF 

a 

South  Roof 

[shingle,  attic,  r* 

1080.00 

30.50 

35.41 

jO. 5 

100 

|27 

F 

3 

P - 

i  m~ 

0 

00 

F~ 

F~ 

0 

1  Mr 

jo: 

0.0 

F~ 

■Jo 

0 

1 

0 

0.0 

F~ 

K 

1°  r 

S 

1 - 

i  m 

0 

|o.o 

F~ 

'F~ 

i°  r 

1  M 

|j 

0 

0.0 

F" 

k 

F 

1 — 

1 - 

i  mr 

10 

0.0 

'F- 

T 

[o 

1 — ! 

H 

Sum :[ 

2160,00 

1  70.8 

r^r\ 

Cancel 

Help 

Roofs  Dialog  Box 


Roof  Construction  Dialog  Box 
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Floors  -  Zone  1 


Jj-Xj 


Floor  Area  R  UA  Floor  Perimeter  f  Factor 

Name  Construction  ft*  Mt^F/Btu  Btu/ti-F  Type  It  Btu/h-F-ft 


Hardwoods  2x10hardwo  |^^Jl800 

19.87 

]  11.06“ 

Crawl  Space 

▼ 

|1 25.995  [o 7“ 

B  rick  Ravers  2x12  pavers  |[p^j3S0 

20,9718 

4.82 

Crawl  Space 

z. 

1 66. 995  joT" 

1  1  gfT 

F 

\  " 

T 

P  F 

]  |  HR  _ _ y _ J  J 

jo  |  |  d  o  F 

:|  1  wr 

F 

1 

1 

dfo  [o 

i  r  m~ 

F 

^3 

F  F 

|5 — 

1 - 

1 

[o  F 

HMWj  i  ~ 

P — i  1  HP  P 

Sum  :|  21 60.0 

1 15.88 

[ 

OK  ! 

Caned  |  Help 

Floors  Dialog  Box 


Floor  Construction  Dialog  Box  -  Hardwood 
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Floor  Construction  Dialog  Box  -  Brick  Pavers 


Interior  Partitions  (Hass)  -  Zone  l 


-li-Xj 


Name 


Wat  Type 


Total  Area 
IP 


jFumfture 

(fimfture 

|WaMs  [interior] 

|2  x  4  partition 

^3  |110 

(Brick  Hearth 

jbfick  chimney 

1 43. 3  " 

E - 

ar 

r 

Hr 

r 

1 

Hr 

i - 

1 

Hl° - 

i - “ 

1 

Hr 

Sum :  |  453.30 

QK 


Cancel 


Help 


Interior  Partitions  Dialog  Box 
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Infiltration  -  Zone  1 


■ 


m 


-Li-*! 


iw 


Effective  Leakage  Area  [ELA) 
ELA 

Shielding  Class: 

N umbel  of  Stories;  J-f 


OK 


Caned 


Help 


-  Constant  Air  Change  R  ate  - 


Am  Changes  per  H  ou;  |Q  22 


Note:  these  2  infiltrations  are  additive. 


Infiltration  Dialog  Box 


HVAC  System  -  Zone  t 


HVAC  System : 


Air  Source  Heat  Pump/E R  Backup 


-Heating: 

|Heat  Pump/ER  Backup 

|gj]  Qutput 

|  33012 

Btu/h 

d_ 

Loofcng 

pri  Sensible  Output :? 
^  Total  Output 

j  25129 

Btu/h 

|Direct  Expansion  Compressor 

|  33506 

Btu/h 

p  tJL  '  ft  *  _  fc.  _  1_  _ _ 

-  Fan/At  Distnbuban: 

_ 

-  r— ,  Air  Row : 

1 1320 

cfm 

(Forced  Ai 

Mirnnun  Occupied 
OutstdeAk  (MODA): 

1 

cfm 

Help 

L - 

t 

£p*>  | 


m 


Autosizing: - " . . . 

Oversizing  Factor  for  Autosize:  p  312  (*  Autosize  Dq  Autosize  Now 

C  Autosize  Off 


"Outputs  at  ARI  Rated  Conditions. 


HVAC  System  Dialog  Box 
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Heating  System  -  Zone  i 


m 


a* i 


Type: 

Supply  Ail  Temperature 


Heat  Pump/ER  Backup 
[95.0 


OK 


•F 


Cancel 


Help 


-Autosizing; 

Outdoor  Resign  T einpef  ature : 

20.0 

*F 

near  rump,  „ 

at  47.0  *F 

at  17.0  *F 

COP:  3(J2 

2.14 

Capacity,  Btu/h 
Electrical  Resistance,  Btu/h 


[33506  1 16753 

p33G12 


Values  apply  at  Rated  Conditions. 


Heating  System  Dialog  Box 


Cooling  System  Dialog  Box 
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Air  Distribution  System  -  Zone  I 


vm 


Air  D  istribution  T  ype :  [Forced  Air 


OK 


Caned 


r  Supply; - 

Static  Pressure : 

Fan  Efficiency ; 

Duct  Leakage  to  Outdoors : 
Duct  Leakage  to  Indoors : 
Duct  Conduction  to  Outdoor : 


0.2 


15 


w 


inches  of  water 

% 

% 

*4 

*4 


Help 


r  Return- - 

Duct  Leakage  from  Outdoors ; 
Duct  Conduction  from  Outdoors : 

Exhaust  Air  Heat  Recovery 
Efficiency : 


Si 

% 


Values  apply  at  ARl  rated  conditions. 


Air  Distribution  System  Dialog  Box 


HVAC  Controls  Dialog  Box 
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Heoting/Cooting  Schedules 

1 

mi 

Schedule 

Name 

1 

6 

12 

18 

24  <■  H 

|ccnbrKJOUS 

fc  Jc  Jc  [c  Jc  Jc  Jc  [c  Jc  [c  Jc  fc  Jc  fc  fc  [c  fc  Jc  fc  [c  Jc  [c  Jc  jc 

<• 

5 

1  CM  o-7 

5 

s 

5 

s 

s 

s 

s 

s 

s 

c 

c 

c 

c 

c 

c 

G 

c 

c 

c 

s 

s 

s 

s 

S- 

IO-to-9 

s 

s 

5 

s 

s 

s 

s 

5 

s 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

s 

s 

ST- 

740-11 

5 

s 

5 

5 

s 

s 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

s 

frto-10 

s 

s 

6 

s 

s 

s 

s 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

s 

s 

s  r- 

£Mo5 

s 

s 

5 

s 

s 

s 

s 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

s 

s 

s 

s 

s 

s 

S 

e-to-e 

5 

s 

S 

s 

s 

s 

s 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

s 

s 

s 

s 

s 

s  L 

S-to-7 

S 

s 

S 

s 

s 

s 

s 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

s 

5 

s 

s 

s 

s 

8-fo-8 

s 

s 

S 

s 

s 

s 

s 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

s 

s 

5 

s 

s 

9-to-6 

5 

s 

5 

s 

s 

s 

s 

s 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

s 

s 

s 

5 

s 

s 

940'9 

5 

s 

S 

s 

s 

s 

s 

5 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

5 

5 

5 

s 

always,  off 

S 

n 

s 

n 

S 

ra 

s 

ra 

H 

r 

a 

H 

B 

H 

f 

s 

s 

B 

s 

s 

ra 

B 

p 

B 

p 

s 

ra 

s 

ra 

s 

ra 

B 

B 

p 

s 

ra 

s 

li 

night  vent 

mm 

c 

19 

c 

19 

C 

19 

c 

a 

B 

B 

m 

H 

B 

H 

B 

B 

B 

B 

B 

B 

L9 

s 

E3 

B 

B 

19 

c 

IS 

c 

plumblee 

c 

c 

c 

c 

c 

c 

c 

s 

s 

s 

s 

s 

s 

s 

s 

s 

c 

c 

c 

c 

c 

c 

c 

c 

— 

'  "’'min 

zl 

- 

Heating/Cooling  Schedules  Dialog  Box 

Occupancy  Schedules 

ijP 

mM 

■nv  • 
pBjfef.v  j 

Schedule 

Name 

i 

6 

12 

10 

24  • 

C-H 

|plumblee 

jo  Jo  fo  Jo  fofofo  fu  fu  ju  |lj  |u  fu  [lj  [lj  JtJ  fo  Jo  fo  fo  Jo  Jo  [o  fa  < 

IWo-7 

u 

u 

u 

u 

u 

u 

u 

u 

u 

0 

0 

0 

0 

Q 

0 

0 

0 

0 

0 

u 

u 

u 

u 

IO-to-9 

u 

u 

u 

u 

u 

u 

u 

u 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

u 

l 

740-11 

u 

u 

u 

u 

u 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

□ 

0 

□ 

0 

L 

84o-10 

u 

u 

u 

u 

u 

u 

u 

0 

□ 

0 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

u 

u 

L 

r 

B4o-5 

u 

u 

u 

u 

u 

u 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

u 

u 

u 

u 

u 

l 

84o-6 

u 

u 

u 

u 

u 

u 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

u 

u 

u 

u 

L 

u 

84o-7 

u 

u 

u 

u 

u 

u 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

u 

u 

u 

u 

u 

L 

84o-8 

u 

u 

u 

u 

u 

u 

u 

0 

0 

0 

0 

0 

0 

a 

D 

0 

0 

0 

0 

u 

u 

u 

u 

L 

940-6 

u 

u 

u 

u 

u 

u 

u 

u 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 

u 

u 

u 

u 

u 

l 

94o-9 

u 

u 

u 

u 

u 

u 

u 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

u 

u 

u 

L 

- 

aiways_off 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

L 

continuous 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 

Q 

0 

□ 

c 

- 

raoht  vent 

0 

0 

0 

0 

0 

0 

0 

u 

u 

u 

u 

u 

u 

u 

u 

u 

0 

u 

u 

u 

u 

0 

0 

c 

S«  r  '  ■- 

o 

0 

0 

0 

0 

0 

□ 

u 

u 

u 

LI 

u 

u 

u 

u 

u 

lj 

0 

0 

0 

0 

0 

0 

- 

C-Comfoft, 


QK 


£ancef 


Modify 


N  ew 


Remove 


O-Qccu- 

pied. 

U-Un- 


flK 


£ar>cd 


Modtfj' 
New 
Remove 

jJ  Help 


Occupancy  Schedules  Dialog  Box 

Note:  The  above  Occupancy  Schedule  is  only  used  for  Temperature  Set-backs. 
See  Internal  Gains  for  actual  Occupancy  Profiles. 
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Internal  Gains  -  Zone  I 


Profiles 


Peaks 


-U.X] 


Internal  Lights, 

w/ie 

External  Lights, 
W/ff 

People, 

number 

Hot  Water, 
WTfP 

flther, 

W/ff 


Work 

Day 


Nonwork 

Day 


Typical  Autosize 
Work  Day 


QK 


Cancel 


|plumble  -®|  [plumble  j@1 

|plumble  @|]plumble  (ft| 

Iplumble  |C$)| Iplumbte  |®|  •  -  •[  2.00  f^OG 

f 

jplumblel®] [plumble  1®(  l2M~  TT& 


[pk^nbte  lOljpk^nbte^l 


Internal  Lights 
External  Lights 
People 
Hot  Water 
Other 


Load  Profile 


Ptoffe 

Name 


Internal  Gains  Dialog  Box 


Work  Dav  Profile 

plumbleelt 

plumbleeolt 

plumblee 

plumbleehw 

plumbleeot 


Nonwork  Dav  Profile 

plumbleelt 
plumbleeolt 
plumb  leenw 
plumbleehw 
plumbleeot 


iJxJ 


12 


18 


24  <-Hout 


|pkjnbtee  |R|?|p|pF|pirio|o|o|o|ojo|o-|o(5'|pF|p|pFFFF 


ofrwk 

i 

1 

1 

1 

1 

1 

1 

4 

8 

8 

8 

9 

8 

e 

8 

8 

8 

8 

4 

3 

2 

1 

1 

13! 

ofotnw 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

ofotwk 

4 

4 

4 

4 

4 

4 

6 

8 

P 

P 

P 

P 

P 

p 

P 

P 

P 

8 

6 

4 

4 

4 

4 

i 

ofpenw 

0 

0 

0 

0 

G 

0 

0 

0 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

0 

0 

0 

0 

t 

ofoewk 

0 

0 

0 

0 

0 

0 

2 

6 

e 

P 

P 

P 

P 

p 

P 

P 

8 

G 

4 

2 

0 

0 

0 

c 

i  olumblee 

P 

P 

p 

P 

P 

P 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P 

P 

P 

P 

p 

p 

F 

E  1 

plumbleehw 

0 

0 

0 

0 

0 

5 

p 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

B 

5 

0 

0 

0 

c 

plumbledt 

0 

0 

0 

0 

p 

6 

0 

0 

0 

0 

0 

a 

0 

0 

0 

0 

8 

e 

p 

P 

p 

0 

0 

c 

plumbleenw 

p 

p 

p 

p 

p 

P 

3 

e 

5 

5 

5 

5 

5 

5 

5 

5 

6 

8 

p 

P 

p 

p 

P 

F 

plumbleeofc 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

t 

plumbleeot 

1 

1 

1 

1 

1 

7 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

4 

7 

2 

1 

1 

1 

1 

]  V 

reexnw 

1 

1 

t 

1 

1 

1 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

L 

reexwk 

2 

2 

2 

2 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

P 

P 

p 

p 

8 

i—1 

rehwnw 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

< 

rehwwk 

2 

2 

2 

2 

2 

3 

7 

P 

9 

8 

7 

6 

5 

4 

4 

4 

5 

6 

S 

6 

8 

6 

5 

1  i 

lermw 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

id. 

<-  Relative 
value,  hteger, 
0  •  9,  and 
P  for  Peak 


Caned 


Modify 


New 


Bemove 


Help  | 


Load  Profile  Dialog  Box 
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Lighting  Zones  Dialog  Box 

Note:  Daylighting  Dialog  Boxes  not  used  in  this  case  study  of  the  Plumblee  Home. 
{Typical  Daylighting  Controls  are  only  used  in  non-residential  applications.} 
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Gas  Furnace  Case 


Equivalent  Heating  Case  using  Gas  Furnace 
in  lieu  of  Heat  Pump  with  Electric  Heating. 


Note: 

The  Gas  Furnace  Case  input  is  the  base  for  all  other  varied  cases. 


Energy- 10:  Program  Input 


18 


Appendix  A 


{Only  Dialog  Boxes  with  Changed  Input  Presented} 


HVAC  System  Dialog  Box 


Heating  System  Dialog  Box 
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Cooling  System  Dialog  Box 


Air  Distribution  System  Dialog  Box 
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Orientation  Cases 


Orientation  15°  East 


Orientation  30°  East 


Orientation  45°  East 
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Window  Placement  Cases 


Case  1  -  AH  south-facing  windows  changed  to  Low-E  glass. 


For  South-Facing  Windows  -  Low-E 


Change  Glazing  Name  to  “Double  Low-E” 
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Glazing  Library  Dialog  Box  -  Double,  Low-E 


Case  2  -  Used  8  south-facing,  Low-E  windows. 


“Large  Rectangular  Windows  Deleted” 
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Case  3  -  Used  6  south- facing,  Low-E  windows. 


Case  4  -  Used  4  south-facing,  Low-E  windows. 


Energy- 1 0 :  Program  Input 
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Appendix  A 


Case  5  -  Used  minimal  glazing  on  North,  East,  and  West  exterior  walls. 


Energy-Efficient  (Base)  Case 


Minimal  Glazing  Case 


Energy- 10:  Program  Input 
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Appendix  A 


Energy-Efficient  (Base)  Case 


Minimal  Glazing  Case 


Energy- 10:  Program  Input 
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Appendix  A 


Energy-Efficient  (Base)  Case 


Minimal  Glazing  Case 


Energy- 10:  Program  Input 
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Appendix  A 


Shading  Cases 


Case  1  -  Overhang  Design:  12  inch  eave  with  4  inch  gutter. 


Energy-10:  Program  Input 
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Case  2  -  Overhang  Design:  24  inch  eave  with  4  inch  gutter. 


Energy- 10:  Program  Input 
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Appendix  A 


Heat  Absorbing  Material  Case 


Case  1  -  Deleted  thermal  mass:  No  brick  pavers  and  concrete  floor  sections. 


Energy  Efficient  (Base)  Case 


No  Brick  Pavers  Case 


Energy- 10:  Program  Input 
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Insulation  Case 


Case  1  -  Replaced  2x4  exterior  framing  and  R-13  batt-insulation  with  2x6  and  R-19. 


Walls  -  Zone  i 


Name 


-Li-*! 


Wall  Type 


Gloss 

A/ea 

f? 


R-value 

Me-F/Biu 


UA 

BtuTh-F 


Solar  _  . 
Abs  0nert 


Ti» 


Windows  / 
Doors 


[North  Porch 

2x8  cypress 

Ol  275.58 

19.76 

10.75 

F" 

|90— |S?i  g| 

[East  Porch 

|2  x  6  cy press 

O  287  97 

19.76 

|  8.79 

§H 

155" 

F" 

[South 

|2  x  6  cypress 

^480.05 

19.76 

| 11.35 

“  |05 

|l80 

fio  fi3?TS 

j  Wes' 

[2x6  brick 

£^287.97 

j  18.38 

1 13.64 

“|ai 

j27tT 

!»“  F”EI 

[North  Gar  eg 

|2  k  8  garage 

Q  204. 92 

1 15.51 

1 13.21 

0 

F“ 

jso  |o/o  O 

1 - 

1 

f 

0.0 

F 

F“ 

n 

m 

1 - 1 - 

F 

[ao 

b 

F“ 

-fo — r 

■ 

1 - ! 

m — 

15 - 

|0.0 

~F~ 

F" 

'is-  r 

■ 

Sum  :|  1536.49 

1  57.9 

OK 

Cancel  | 

Help 

Energy-10:  Program  Input 
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Air  Infiltration  Control  Cases 


Case  1  -  Used  0.5  Air-Changes  per  Hour  (ACH). 


Infiltration  -  Zone  1 


Effective  Leakage  Area  [ELA] 
ELA 

Shielding  Class: 

Nun  bet  of  Stories: 


-U-* 1 


p.o 


i 


OK 


Cancel 


Help 


r  Constant  A*  Change  Rate- - 

Ai  Changes  per  Hour  Jq.5 

i,  .  •  i  -_,v  ;  •  ju  , , .  . 

Note:  these  2  Wfcatjons  are  additive. 


Case  2  -  Used  1.0  Air-Change  per  Hour  (ACH), 


Energy- 10:  Program  Input 
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Case  3  -  Used  1 .5  Air-Changes  per  Hour  (ACH). 


Infiltration  -  Zone  1 


■  Effective  Leakage  Area  (ELA) 
ELA. 

Shielding  Class: 


Jjxj 


0.0  irf 


Numbef  of  Stories:  jT 


OK 


Caned 


_ | 


■  Constant  Ai  Change  Ft  ate  - 


Aif  Changes  per  Hour  jvs 


Mote:  these  2  inflations  are  additive. 


Case  4  -  Used  2.0  Air-Changes  per  Hour  (ACH). 


Energy- 10:  Program  Input 
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Indoor  Air  Temperature  Control  Cases 


Case  1  -  Winter  Comfort  Set-point:  72  F 

o 

Summer  Comfort  Set-point:  73  F 


Energy-10:  Program  Input 
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APPENDIX  B 


{Plumblee  Home:  Annual  Monthly  Energy  Use} 


1990  Monthly  Electric  Use 

S  Total  House  kWh  (including  HVAC)  BHVAC  kWh  (only) 
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1992  Monthly  HVAC  Energy  Use  /  Cost 

(based  on  $.069  /  kWh  or  $20.22  /  106  BTU) 
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Plumbtee  Residence  2160  sf  Passive  Solar-Heated  Home  Alamance  County,  NC 


1994  Monthly  HVAC  Energy  Use  /  Cost 

(based  on  $.069  /  KWh  or  $20.22  /  1 06  BTU) 
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2160  sf  Passive  Solar-Heated  Home  Alamance  County,  NC 
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(based  on  $.069  /  kWh  or  $20.22  / 106  BTU) 
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Plumblee  Residence  2160  sf  Passive  Solar-Heated  Home  Alamance  County,  NC 


1996  Monthly  HVAC  Energy  Use  /  Cost 

(based  on  $.069  /  kWh  or  $20.22  /  106  BTU) 
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Plumblee  Residence  2160  sf  Passive  Solar-Heated  Home  Alamance  County,  NC 


1997  Monthly  HVAC  Energy  Use  /  Cost 

(based  on  $.078  /  kWh  or  $22.85  /  106  BTU) 
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Plumblee  Residence  2160  sf  Passive  Solar- Heated  Home  Alamance  County,  NC 


APPENDIX  C 


{Annual  Climatology  Data  for  Plumb! ee  Home} 
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APPENDIX  D 


{Energy- 10:  Thermal  Performance  Simulations} 


Energy*! 0  Summary  Page 
Project:  PRO J2 


Jul  23,  2004 

Project  Directory:  C:\Program  Files\Energyl 0vl_5 \ PRO J1 


Description : 

Scheme  Number: 

Library  Name : 

Simulation  status,  Thermal/DL 
Comments : 

Weather  file: 

Floor  Area,  ft2 
Surface  Area,  ft2 
Volume,  ft2 

Total  Conduction  UA,  Btu/h-F 
Average  Upvalue,  Btu/hr-ft2-F 
Wall  Construction 
Roof  Construction 
Floor  type,  insulation 
Window  Construction 
Window  Shading 
Wall  total  gross  area,  ft2 
Roof  total  gross  area,  ft2 
Ground  total  gross  area,  ft* 
Window  total  gross  area,  ft2 
Windows  { N /B/S/W : Roof ) 

Glazing  name 


Energy  Efficient  Case 
8  /  Saved 
PLUMBLEELIB  /  Saved 
valid/ N A 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160-0 
5856-5 
18653  -  0 
362.4 
0.062 

2x4  cypress,  R=14 . 5, etc 
shingle,  attic,  r-30,  R=30.5 
Crawl  Space,  Ref f=162 . 7,  etc 
2058  double,  wood,  U=0.48,etc 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  0=0.49 


Operating  parameters  for  zone  1 

HVAC  system  Air  Source  Heat  Pump/ER  Backup 

Rated  Output  ( Heat/SCool /TCool ) , kBtu/h  39/25/34 

Rated  Air  Flow/MOOA, cfm  1320/0 

Heating  thermostat  68*0  F,  no  setback 

Cooling  thermostat  77.0  F,  no  setup 

Heat /cool  performance  COP=3 . 0, EER=10 . 1 

Economizer ? /type  no/NA 

Duct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL,EL,HW,0T;  W/ft2  0.20/0.04/2.08/0.25 


Added  mass? 
Daylighting? 
Infiltration,  in* 


none 

no 

ACH=0 .2 


Results : 


Energy  cost  2 . 020$/Therm, 
Simulation  dates 
Energy  use,  kBtu 
Energy  cost,  $ 

Saved  by  daylighting,  kWh 
Total  Electric,  kWh 
Internal/External  lights, 
Heating/Cocling/Fan,  kWh 
Elec.  Res . /Heat  Pump,  kWh 
Hot  water/Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat/total,  kBtu 
Emissions,  C02/S02/N0X,  lbs 
Construction  Costs 
Life-Cycle  Cost 


0. 069$/kWh, 0. 000$/kW 
01-Jan  to 


31-Dec 

52783 

1067 


15469 

kWh  915/0 

4059/2718/429 
3083/976 
6559/788 
15.6 
0/0/0 
20790/122/63 
197913 
282963 


none 


) 

00-Jan  to  00-Jan 
NA 
NA 
NA 
NA 
NA 
NC 
NA 
NC 
NA 
NC 
NA 
0 

248386 


I 


nergy-10  Summary  Page 
reject :  PR0J2 


Project  Directory: 


Jul  23,  2004 

C: \Program  Files\Energyl0vl_5\PRQJl 


»escription : 

_ cheme  Number: 

Library  Name: 

Simulation  status,  Thermal/DL 

■onunents: 

leather  file : 

Floor  Area,  ft 2 

§urface  Area,  ft* 
olume,  ft3 

_otal  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft*-F 

tall  Construction 
oof  Construction 
Floor  type,  insulation 
Window  Construction 
■indow  Shading 
Sail  total  gross  area,  ft2 
Roof  total  gross  area,  ft 2 
round  total  gross  area,  ft2 
indow  total  gross  area,  ft2 
indows  (N/E/S/W : Hoof) 

Glazing  name 


Energy  Efficient  Case 
8  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R=14 . 5, etc  2 
shingle,  attic,  r-30,  R=30.5 
Crawl  Space,  Ref f=162 . 7 , etc 
2058  double,  wood,  U=0.48,etc 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0.49 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856.5 
18653.0 
362.4 
0.062 

x  4  cypress,  R=14.5,etc 
shingle,  attic,  r-30,  R^30,5 
Crawl  Space,  Ref f =1 62 . 7 , et c 
2058  double,  wood,  U=Q.4S,etc 
36  deg  lat  plumblee, etc 

1536 

2160 

2160 

427 

5/7/13/4 : 0 
double,  U=0 . 4  9 


Operating  parameters  for  zone  1 

^VAC  system  Air  Source  Heat  Fump/ER  Backup 

Rated  Output  { Heat /SCool/TCool ) , kBtu/h  39/25/34 

«ated  Air  Flow/MOOA,  cfm  1320/0 

Bleating  thermostat  68. 0  °F,  no  setback 

cooling  thermostat  77.0  °F,  no  setup 

Heat/cool  performance  COP=3 . 0,  EER^IO . 1 

§conomizer?/type  no/NA 

uct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL,EL,HW,OT;  W/ftz  0.20/0.04/2.08/0.25 

Added  mass?  none 

taylighting?  n0 

nfiltration,  in2  ACH=0.2 


DX  Cooling  with  Gas  Furnace 
38/25/33 
1210/0 

68.0  °F,  no  setback 
77.0  °F,  no  setup 
eff=80, EER=10 . 1 
no/NA 
11/10 

0.20/0.04/2 . 08/0.25 
none 
no 

ACH=0 . 2 


t 


esults : 

Energy  cost  2 . 020$/Therm, 0 . 069$/kWh, 0 . 000$/kW 
imulation  dates  01-Jan  to 


2 , 020$ /Therm, 0 , 069$ /kWh, 0 . QD0$/kW 
31-Dec  01-Jan  to  31-Dec 


kWh 


Energy  use,  kBtu 

Cnergy  cost,  $ 

aved  by  daylighting, 
otal  Electric,  kWh 
Internal/External  lights,  kWh 

I  Heating/Cooling/ Fan,  kWh 
Elec.  Res. /Heat  Pump,  kWh 
Hot  water/Other,  kWh 
Peak  Electric,  kW 
■Fuel,  hw/ heat /total,  kBtu 
■Emissions,  C02/S02/N0x,  lbs 
"construction  Costs 
Life-Cycle  Cost 


52783 

1067 


15469 

915/0 

4059/2718/429 

3083/976 

6559/788 

15.6 

0/0/0 

20790/122/63 

197913 

250873 


61933 

1251 

NA 

4727 

915/0 

0/2744/280 

0/0 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

200474 

257916 


I 

I 

I 

I 


PR0J2  •  ANNUAL  ENERGY  USE 

■  Energy  Efficient  Case  Ei  Gas  Furnace  Case 


I 


nergy-10  Summary  Page 

roject:  PRGJ2 


Project  Directory: 


Jul  2  6,  2004 

C: \Program  Files\EnergylOvl_5\PROJl 


description : 

Scheme  Number: 

Library  Name: 

Simulation  status,  Thermal/DL 
Bominents  : 
leather  file: 

Floor  Area,  ft7 

turface  Area,  ft2 
oiume,  ft3 

otal  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft2-F 

Iall  Construction 
oof  Construction 
Floor  type,  insulation 
JJindow  Construction 
Bindow  Shading 
■all  total  gross  area,  ft2 
Roof  total  gross  area,  ft2 

I  ""round  total  gross  area,  ft 2 
indow  total  gross  area, 
indows  { N/E/3/W : Roof ) 

Glazing  name 


ft: 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro.etl 
2160,0 
5056,5 
18653.0 
362.4 
0.062 

2x4  cypress,  R=14 . 5, etc 
shingle,  attic,  r-30,  R^30 
Crawl  Space,  Ref f=162 *  7 , et 
2058  double,  wood,  0=0.48, 
36  deg  lat  plumblee , etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0.49 


Iterating  parameters  for  zone  1 

1VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  ( Heat /SCool/TCool) , kBtu/h  38/25/33 

Mated  Air  Flow/MOOA, cfm  1210/0 

Bleating  thermostat  68,0  °F,  no  setback 

Pooling  thermostat  77,0  °F,  no  setup 

Heat /cool  performance  eff=80, EER=10 . 1 

Bconomi  zer?/type  no/NA 

B)uct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL, EL, HW, QT;  W/ft7  0.20/0.04/2,08/0.25 

Added  mass?  none 

taylighting?  no 

nf iltration,  in2  ACH=0.2 


Orientation  15  East  Case 
28  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856.5 
18653,0 
362.4 
0.062 

2x4  cypress,  R=14,5,etc 
.5  shingle,  attic,  r-30,  R=30.5 
c  Crawl  Space,  Ref f =162 , 7, etc 
etc 2058  double,  wood,  U=0,48,etc 
36  deg  lat  plumblee, etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0.49 


DX  Cooling  with  Gas  Furnace 

38/25/34 

1232/0 

68,0  °F,  no  setback 
77,0  °F,  no  setup 
eff=80,EER=10. 1 
no/NA 
11/10 

0.20/0.04/2, 08/0.25 
none 
no 

ACH-0 . 2 


kWh 


ftesults : 

B  Energy  cost  2, 

Bimulation  dates 
Energy  use,  kBtu 
JUnergy  cost,  $ 

Kaved  by  daylighting, 

Brotal  Electric,  kWh 

Internal /External  lights, 

I  Heating/Cooling/Fan,  kWh 
Hot  water/Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat /total,  kBtu 
■^missions,  CQ2/S02/NQX,  lbs 
Construction  Costs 
*Life-Cycle  Cost 


020$/Therm, 0. 069$/kWh, 0.000$/kW  2 , 020$/Therm, 0 

01- Jan  to  31-Dec 
61933 
1251 


kWh 


4727 

915/0 

0/2744/280 

0/788 

3,7 

22383/23420/45803 

11763/42/25 

203458 

257916 


, 069$ /kWh, 0. 000$/kW 
Gl-Jan  to  31-Dec 
63611 
1285 
NA 
4678 
915/0 
0/2692/2B3 
0/788 
3,7 

22383/25264/47647 

11915/42/25 

200622 

259123 


I 

I 

I 

I 


kBtu  /  ft1 


PR0J2  -  ANNUAL  ENERGY  USE 


Gas  Furnace  Case 


EE  Orientation  1 5  East  Case 


20 


Heating  Cooling 


1-*  1.4 


Lights 


12.1  12.1 


Other 


29  4 


Total 


I 


nergy-10  Summary  Page 

roject:  PR0J2 


Project  Directory: 


Jul  26,  2004 

C: \Program  Files \EnergylOvl_5\PROJl 


Inscription: 

cheme  Number : 

Library  Name: 

Simulation  status/  Thermal/DL 
■eminent  s : 

"eather  file: 

Floor  Area,  ft2 

Iurface  Area,  fr2 
o 1 ume ,  ft3 

lotal  Conduction  UA,  Btu/h-F 
Average  U- value,  Btu/hr~ft  2-F 

Rail  Construction 
oof  Construction 
Floor  type,  insulation 
Window  Construction 

Iindow  Shading 

all  total  gross  area. 

Roof  total  gross  area, 
ground  total  gross  area, 
Bindow  total  gross  area, 

I  i n  dows  (N/E/S/W : Roo  f ) 

Glaring  name 


ft2 
ft 2 


ft2 
ft 2 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856.5 
18653.0 
362.4 
0,062 

2x4  cypress,  R=14.5,etc  2 

shingle,  attic,  r-3Q,  R=3G . 5 
Crawl  Space,  Ref f=162 . 7, etc 
2058  double,  wood,  U=0.48,etc 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0 . 4 9 


Orientation  30  East  Case 
12  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856.5 
18653.0 
362.4 
0.062 

x  4  cypress,  R^ 14. 5, etc 
shingle,  attic,  r-30,  R=30.5 
Crawl  Space,  Ref f=l 62 . 7, etc 
2058  double,  wood,  U=0.48,etc 
36  deg  lat  p!umblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=G , 4  9 


Bperating  parameters  for  zone  1 

B.VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  (Heat /SCool/TCool ) , kBtu/h  38/25/33 

Rated  Air  Flow /MOO  A,  cfm  1210/0 

eating  thermostat  68.0  CF,  no  setback 

UDoling  thermostat  77.0  °F,  no  setup 

Heat/cool  performance  ef f-80, EER=10 . 1 

■iconomi  zer  ?/type  no/NA 

Buct  leaks/conduction  losses,  total  %  11/10 

peak  Gains;  IL,EL,HW,OT;  W/ft2  0.20/0.04/2.08/0.25 

Added  mass?  none 

Iaylighting?  no 

nfiltration,  in2  ACH=0.2 


DX  Cooling  with  Gas  Furnace 

38/25/34 

1249/0 

68.0  °F,  no  setback 
77.0  °  F,  no  setup 
ef f-8  0 , EER=1 0 . 1 
no/NA 
11/10 

0.20/0.04/2.08/0.25 

none 

no 

ACH=0 . 2 


kWh 


Results : 

B Energy  cost  2 
Biniulation  dates 
Energy  use,  kBtu 
Jnergy  cost,  $ 

Saved  by  daylighting, 

Botal  Electric,  kWh 

Internal /External  lights, 

I  Heating /Cooling /Fan,  kWh 
Hot  water /Other ,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat /total ,  kBtu 

I  missions,  C02/S02/N0x,  lbs 
obstruction  Costs 
ife-Cycle  Cost 


020$ /Therm, 0.0 69$ /kWh, 0.000$/ kW  2 . 020$ /Therm, 0 

Gl-Jan  to  31-Dec 
61933 
1251 


kWh 


4727 

915/0 

0/2744/280 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

203458 

257916 


0  69$/ kWh , 0 , 0  0  0$ / kW 
01- Jan  to  31-Dec 
66806 
1350 
NA 
4777 
915/0 
0/2773/301 
0/788 
3.7 

22383/28124/50507 

12385/43/26 

200711 

261133 


I 

I 

I 

I 


kBtu  /  ft1 


PR0J2 -  ANNUAL  ENERGY  USE 

■  Gas  Furnace  Case  □  Orientation  30  East  Case 

r~ - -  ~  '  “  “  “  '  '  "  " 

40  ■ 


30  S 


Inergy-10  Summary  Page 
roject:  PRDJ2 

las  eruption : 

Scheme  Number: 


Library  Name: 

■  imulalion  status,  Thermal/DL 
Homments : 
weather  file: 

Floor  Area,  ft 3 

Iurface  Area,  ft3 
olume,  ft3 

Total  Conduction  UA,  Btu/h-F 

I  Average  U-value,  Btu/hr-ft3-F 
lall  Construction 
|oof  Construction 
Floor  type,  insulation 
JJindow  Construction 
Window  Shading 
■all  total  gross  area,  ft3 
Roof  total  gross  area,  ft* 
ground  total  gross  area,  ft2 
■indow  total  gross  area,  ft* 
Windows  (N/E/S/W:  Roof) 

Glazing  name 


Jul  27,  2004 

Project  Directory:  C:\Program  FilesNEnergy 10vl_5 \FR0 J1 


Gas  Furnace  Case 
9  /  Saved 
PLUMRLEELIB  /  Saved 
valid/NA 


EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160. 0 
5856.5 
18653 . 0 
362.4 
0.062 


Orientation  45  East  Case 
14  /  Saved 
PLUMBLEELXB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 


2160.0 

5856.5 

18653.0 

362.4 

0.062 


2x4  cypress,  R=14.5,etc  2x4  cypress,  R=14.5,etc 

shingle,  attic,  r-30,  R=30,5  shingle,  attic,  r-30,  R-30.5 
Crawl  Space,  Ref f =162 . 7 , etc  Crawl  Space,  Ref f =162 , 7 , etc 
2058  double,  wood,  0=0 . 48, etc2058  double,  wood,  0=0.48, etc 
36  deg  lat  plumblee, etc  36  deg  lat  plumblee, etc 


1536 

2160 

2160 

427 

5/7/13/4:0 


1536 

2160 

2160 

427 

5/7/13/4:0 


double,  0=0.49 


double,  U=0.49 


■perating  parameters  for  zone  1 

*VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  (Heat /SCool/TCool) , kBtu/h  38/25/33 

Bated  Air  Flow/MOOA, cfm  1210/0 

■eating  thermostat  68.0  °F,  no  setback 

cooling  thermostat  77.0  °F,  no  setup 

Heat/cool  performance  ef f=80, EER^IQ . 1 

Iconomizer?/type  no/NA 

uct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL,EL,HW,OT;  W/ft2  0.20/0.04/2.08/0.25 


DX  Cooling  with  Gas  Furnace 

40/30/40 

1614/0 

68,0  °F t  no  setback 
77.0  °F,  no  setup 
eff=80,EER=10*l 
no/NA 
11/10 

0.20/0.04/2,08/0,25 


Idded  mass?  none 

aylighting?  no 

nfiltration,  in2  ACH=0.2 

0  Sul  t S  ! 

Energy  cost  2 . 020$ /Therm,  0.069$ /kWh, 0.000$/kW  2. 020$ /Therm,  0.069$ /kWh, 0, 000$/ kW 

imulation  dates  01-Jan  to  31-Dec  01-Jan  to  31-Dec 


none 

no 

ACH=Q . 2 


71326 
1441 
NA 
4880 
915/0 
0/2823/354 
0/78Q 
3 . 7 

22383/32292/54675 
13015/45/27 
202620 
261133 

I 

I 

I 

I 


kWh 


Energy  use,  kBtu 
■Energy  cost,  $ 

Baved  by  daylighting, 

Wotal  Electric,  kWh 

Internal /External  lights,  kWh 
m  Heating/Cooling/Fan,  kWh 
I  Hot  water/Other,  kWh 
®  Peak  Electric,  kW 
Fuel,  hw/heat /total ,  kBtu 
fcmissions,  C02/S02/N0x,  lbs 
Construction  Costs 
Life-Cycle  Cost 


61933 

1251 

4  727 
915/0 
0/2744/280 
0/788 
3.7 

22383/23420/45803 

11763/42/25 

203450 

259123 


kBtu  /  fta 


PR0J2  -  ANNUAL  ENERGY  USE 


■  Gas  Furnace  Case  ED  Orientation  45  East  Case 


40 


330 


iergy-10  Summary  Page 
reject;:  FRGJ2 


Project  Directory: 


Jul  26,  2004 

C: \ Program  Files\Energyl0vl_5\PRGJl 


description : 

■cheme  Number; 

Library  Name: 

Simulation  status,  Thermal/DL 
■eminent  s : 
leather  file: 

Floor  Area,  ft* 

Iurface  Area,  ft* 
olume,  ft3 

^otal  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft*-F 
■all  Construction 
■oof  Construction 
Floor  type,  insulation 
Window  Construction 
■indow  Shading 
Jail  total  gross  area, 

Roof  total  gross  area, 

■round  total  gross  area, 
indow  total  gross  area, 
indows  [N/E/S/W : Roof ) 

Glazing  name 


ft 2 
ft* 
ft* 
ft* 


Gas  Furnace  Case 
9  /  Saved 
FLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160,0 
5056. 5 
18653 . 0 
362,4 
0,062 

2x4  cypress,  R=14.5,etc  2 

shingle,  attic,  r-30,  R=3Q,5 
Crawl  Space,  Ref f^l62 . 7 , etc 
2058  double,  wood,  U=0.48,etc 
36  deg  lat  plumblee, etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0 , 4  9 


South-Facing  low-e  Case 
30  /  Saved 
modified  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro , etl 
2160.0 
5856.5 
18653,0 
306,8 
0.052 

x  4  cypress ,  R-14 . 5, etc 
shingle,  attic,  r-30,  R=30,5 
Crawl  Space,  Ref f-162 . 7 , etc 
2058  double,  wood,  0=0.28, etc 
36  deg  lat  plumblee, etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double  low-e,  U=0,26 


Iperating  parameters  for  zone  1 

VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  { Heat /SCool /TCool ) , kBtu/h  38/25/33 

^ated  Air  Flow/MOOA,  cfm  1210/0 

Beating  thermostat  68.0  °F,  no  setback 

Booling  thermostat  77.0  °F,  no  setup 

Heat/cool  performance  ef f=80, EER=10 . 1 


no/NA 

11/10 


■:conomizer?/type 

■uct  leaks/conduction  losses,  total  % 

“eak  Gains;  IL,  EL, HW,  OX,  W/ft*  0.20/0.04/2.08/0.25 

Added  mass?  none 

Iaylighting? 

nfiltration,  in* 


no 

ACH=0 . 2 


DX  Cooling  with  Gas  Furnace 

34/23/31 

1119/0 

68.0  eF,  no  setback 
77.0  “F,  no  setup 
eff=80 , EER=10 . 1 
no/NA 
11/10 

0.20/0.04/2.08/0.25 

none 

no 

ACH=0 . 2 


kWh 


Results : 

I  Energy  cost  2. 

Simulation  dates 
Energy  use,  kBtu 
^nergy  cost,  $ 

Baved  by  daylighting, 

Botal  Electric,  kWh 

Internal/External  lights, 

I  Heating/Cooling/Fan,  kWh 
Hot  water/Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat/total,  kBtu 
^Emissions,  C02/S02/N0x,  lbs 
^Construction  Costs 
^jife-Cycle  Cost 


02  0$ /Therm, 0. 069$ /kWh, 0.000$/kW  2 . 020$ /Therm,  0 

01-Jan  to  31-Dec 
61933 
1251 


kWh 


4727 
915/0 
0/2744/280 
0/788 
3 . 7 

22383/23420/45803 

11763/42/25 

203458 

257916 


069$ /kWh, 0. 000$/kW 
01-Jan  to  31-Dec 
5B727 
1187 
NA 
4232 
915/0 
0/2288/240 
0/788 
3.4 

22383/21905/44288 

10918/3B/23 

199623 

254460 


I 

I 

I 

I 


kBlu  /  fl: 


PR0J2  -  ANNUAL  ENERGY  USE 

El  Gas  Furnace  Case  E  South-Facing  low-e  Case 


30" 


20 


10  b 


Heating  Cooling 


12.1  120 


Lights  Other 


28  7 


Total 


I 


nergy-10  Summary  Page 
reject;  PR0J2 


Project  Directory: 


Jul  27,  2004 

C: \Program  FiIes\Energyl0vl_5\PRQJl 


§  ascription: 

cheme  Number: 

Library  Name: 

Simulation  status,  Thermai/DL 
Bomments : 
weather  file: 

Floor  Area,  ft2 

Iurface  Area,  ft2 
oiume,  ft3 

Total  Conduction  UA,  Btu/h-F 
Average  Upvalue,  Btu/hr-ft2-F 
Ball  Construction 
Boof  Construction 
Floor  type,  insulation 
Jtfindow  Construction 
Bindow  Shading 
Ball  total  gross  area,  ft3 
Roof  total  gross  area,  ft2 
ground  total  gross  area,  ft* 
Bindow  total  gross  area,  ft 2 
Bindows  (N/E/S/W : Roof ) 

Glazing  name 


Gas  Furnace  Case  8 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. et 1 
2160,0 
5856,5 
18653.0 
362,4 
0,062 

2x4  cypress,  R=14.5,etc  2 

shingle,  attic,  r-30,  R=30 , 5 
Crawl  Space,  Reff=162 . 7, etc 
2058  double,  wood,  U=Q,48,etc 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0 , 4  9 


South-Facing  low-e  Case 
31  /  Saved 
PLBLELOWELI B  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro, et 1 
2160.0 
5856,5 
18653.0 
281.0 
0.048 

x  4  cypress,  R=14.5,etc 
shingle,  attic,  r-30,  R=30,5 
Crawl  Space,  Ref f =162 . 7, etc 
2058  double,  wood,  U-0.28,elc 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

299 

5/7 / 9/4  :  0 
double  low-e,  U=0.26 


BpGratin9  parameters  for  zone  1 

*VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  (Heat/SCool/TCool) , kBtu/h  38/25/33 

Bated  Air  Flow/MOOA,  cfm  1210/0 

Bleating  thermostat  68,0  °F,  no  setback 

cooling  thermostat  77.0  °F,  no  setup 

Heat /cool  performance  ef f=8Q, EER=10 . 1 

Iconomizer?/type  no/NA 

uct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL,EL,HW,OT;  W/'ft*  0.20/0.04/2.08/0,25 

Jdded  mass?  none 

Baylighting?  no 

Bnf  iltration,  in2  ACH=0.2 


DX  Cooling  with  Gas  Furnace 

32/22/29 

1030/0 

68.0  °F,  no  setback 
77.0  °F,  no  setup 
ef f=8Q, EER=1 0 , 1 
no/NA 
11/10 

0.20/0,04/2,08/0.25 

none 

no 

ACH=0 , 2 


kWh 


fesults : 

Energy  cost  2 , 
imulation  dates 
Energy  use,  kBtu 

Inergy  cost,  $ 

aved  by  daylighting, 
otal  Electric,  kWh 
Internal /External  lights, 
■  Heating/Cooling/Fan,  kWh 
I  Hot  water/Other,  kWh 
m  Peak  Electric,  kw 
Fuel,  hw/heat /total,  kBtu 

t  missions,  C02/S02/N0x,  lbs 
onstruction  Costs 
Life-Cycle  Cost 


020$ /Therm, 0 . 069$/kWh, 0 . Q00$/kW  2 , G2Q$/Therm,  0 

01-Jan  to  31-Dec 
61933 
1251 


kWh 


4727 

915/0 

0/2744/280 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

203458 

257916 


. 06 9$ /kWh, 0 . 00G$/kW 
01-Jan  to  31-Dec 
62  957 
1272 
NA 
3612 
915/0 
0/1693/217 
0/788 
3.1 

22383/28247/50630 

10834/34/21 

198945 

255458 


I 

I 

I 

I 


EU  /  nig* 


PR0J2  -  ANNUAL  ENERGY  USE 

■  Gas  Furnace  Case  El  8  South-Facing  low-e  Case 


I 


nergy- 1 0  Summary  Page 
reject:  PR0J2 


Project  Directory: 


Jul  27,  2004 

C: \Program  Fi les\EnergylGvl_5\ PR0J1 


»escription : 

cheme  Number: 

Library  Name: 

Simulation  status,  Thermal/DL 
Romments  : 
weather  file: 

Floor  Area,  ft* 

»urf ace  Area,  ft* 
olume,  ft3 

Total  Conduction  UA,  Btu/h-F 
Average  Upvalue,  Btu/hr-ft2-F 
Rail  Construction 
Roof  Construction 
Floor  type,  insulation 
Rindow  Construction 
Rindow  Shading 
Rail  total  gross  area,  ft* 
Roof  total  gross  area,  ft 2 
ground  total  gross  area,  ft* 
Rindow  total  gross  area,  ft2 
Rindows  (N/E/S/W:  Roof) 

Glazing  name 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . et 1 
2160*0 
5856*5 
18653*0 
362.4 
0*062 

2x4  cypress,  R=14.5,etc 
shingle,  attic,  r-30,  R=3Q 
Crawl  Space,  Ref f=162 *  7 , et 
2058  double,  wood,  U=0.48, 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U^0  *  4  9 


6  South-Facing  low-e  Case 
32  /  Saved 
PLBLELOWELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160,0 
5856,5 
18653,0 
274 . 9 
0,047 

2x4  cypress,  R**14 .5,  etc 
.5  shingle,  attic,  r-30,  R^30*5 
c  Crawl  Space,  Ref f =162 , 7 , etc 
etc 2058  double,  wood,  U=0.28,ete 
36  deg  lat  plumblee,etc 

1536 
2160 
2160 
270 

5/7 /7 / 4  :  0 
double  low-e,  U=0*26 


Rperating  parameters  for  zone  1 

RvAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  ( Heat /SCool/TCool ) , kBtu/h  38/25/33 

Rated  Air  Flow/MOOA,  cfm  1210/0 

Rearing  thermostat  68,0  °F,  no  setback 

™ Doling  thermostat  77,0  °F,  no  setup 

Heat/cool  performance  ef £-80, EER=10 , 1 


tconomi  zer?/type 

uct  leaks /conduct ion  losses,  total  % 

Peak  Gains;  IL,EL,HW,0T;  W/ft*  0,20/0*04/2,08/0*25 

JVdded  mass?  none 

Raylighting? 

Rnf  lit  ration,  in 


no/NA 

11/10 


no 

ACH=0  *  2 


DX  Cooling  with  Gas  Furnace 

31/21/28 

1010/0 

68*0  °F,  no  setback 
77 , 0  eF,  no  setup 
ef f=80, EER=10 , 1 
no/NA 
11/10 
*08/0*25 
none 
no 

ACH=0 . 2 


0,20/0*04/2 


kWh 


Results : 

I  Energy  cost  2 
Rimulation  dates 
Energy  use,  kBtu 
^nergy  cost,  $ 

Raved  by  daylighting, 

Rotal  Electric,  kWh 

Internal/External  lights, 

I  Heating /Cooling /Fan,  kWh 
Hot  water /Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat /total,  kBtu 
^missions,  C02/S02/N0x,  lbs 
Construction  Costs 
Life-Cycle  Cost 


020$ /Therm,  0.0 69$ /kWh, 0, 000 S/kW 

01-Jan  to 


2,0205/Therm, 0 
31-Dec 
61933 
1251 


kWh 


4727 

915/0 

0/2744/280 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

203459 

257916 


, Q69$/kWh, Q*GQ0$/kW 
01-Jan  to  31-Dec 
6414  8 
1296 
NA 
3499 
915/0 
0/1582/214 
0/788 
3*0 

22383/29825/52208 

10868/33/21 

198785 

255811 


I 

I 


I 

I 


kBtu  /  ft1 


PR0J2  -  ANNUAL  ENERGY  USE 

■  Gas  Furnace  Case  EHj  6  South-Facing  !ow*e  Case 


I 


nergy-10  Summary  Page 
roject :  PR0J2 


Project  Directory: 


Jul  27,  2004 

C: \Program  Files \EnergylOvl_5\PROJl 


Bescription : 

Scheme  Number: 

Library  Name: 

Simulation  status,  Thermal/DL 
Bomments: 

"eather  file: 

Floor  Area,  ft2 

§urface  Area,  ft2 
olume,  ft3 

Total  Conduction  UA,  Btu/h-F 
Average  U- value,  Btu/hr-ft2-F 
Ball  Construction 
Construction 
Floor  type,  insulation 
JJindow  Construction 
Bindow  Shading 
Ball  total  gross  area,  ft2 
Roof  total  gross  area,  ft* 

C  round  total  gross  area,  ft2 
indow  total  gross  area,  ft2 
indows  (N/E/S/W: Roof ) 

Glazing  name 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160.0 
5856.5 
18653,0 
362.4 
0,062 

2  x  4  cypress,  R=14.5,etc 
shingle,  attic,  r-30,  R=30 
Crawl  Space,  Ref f=l 62 . 7 , et 
2058  double,  wood,  0=0.48, 
36  deg  lat  plumblee,etc 

1536 
2160 
2160 
4  27 

5/7/13/4  « 0 
double,  0=0.49 


Biperating  parameters  for  zone  1 

*VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  (Heat /SCool/TCool ) , kBtu/h  38/25/33 

Rated  Air  Flow/MOGA,  cfm  1210/0 

Beating  thermostat  68.0  °F,  no  setback 

cooling  thermostat  77.0  aF,  no  setup 

Heat/cool  performance  ef f=80, EER=10 . 1 


tconomi  zer  ?/type 

uct  leaks /conduct ion  losses,  total  % 

Peak  Gains;  1L,EL,HW,0T;  W/ft2  0,20/0.04/2,08/0.25 

J\dded  mass?  none 

Baylighting? 

Bnf  lit  rat  ion,  in2 


no/NA 

11/10 


no 

ACH=0 . 2 


4  South-Facing  low-e  Case 
36  /  Saved 
PLBLELOWELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160,0 
5856.5 
18653.0 
269.2 
0.046 

2x4  cypress,  E=14.5,etc 
,5  shingle,  attic,  r-30,  R=30.5 
c  Crawl  Space,  Ref f =162 . 7 , etc 
etc2Q28  double  low-e,  wood,  U=0,30,etc 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

244 

S/7/5/4 : 0 
double  low-e,  0=0.26 


DX  Cooling  with  Gas  Furnace 

31/21/28 

992/0 

68.0  ° F,  no  setback 
77.0  °F,  no  setup 
ef f=8  0, EER=1Q , 1 
no/NA 
11/10 

0.20/0.04/2.08/0,25 

none 

no 

ACH=Q . 2 


I 


©suits : 

Energy  cost 


2 . 020$ /Therm, 0 . G69$/kWh, 0 . Q0G$/kW 


kWh 


Emulation  dates 
Energy  use,  kBtu 
^Energy  cost,  $ 

Baved  by  daylighting, 

®Total  Electric,  kWh 

Internal/External  lights,  kWh 

I  Heating/Cooling/Fan,  kWh 
Hot  water /Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat/ total,  kBtu 

I  missions,  C02/S02/N0x,  lbs 
onstruction  Costs 
Life-Cycle  Cost 


01-Jan  to 


2 . 02G$/Therm, 0 
31- Dec 
61933 
1251 


4727 

915/0 

0/2744/280 

0/788 

3,7 

22383/23420/45803 

11763/42/25 

203458 

250494 


.  069$/kWh, O.OOOS/kW 
01-Jan  to  31-Dec 
65331 
1320 
NA 
3402 
915/0 
0/1488/212 
0/768 
2.9 

22383/31338/53721 

10917/33/21 

198653 

256222 


I 

I 


I 

I 


kStu  /  ftJ 


PR0J2  -  ANNUAL  ENERGY  USE 


■  Gas  Furnace  Case  HI  4  South-Facing  low-e  Case 


lnergy-10  Summary  Page 
Iro^ect:  PR0J2 


Project  Directory: 


Jul  26,  2004 

C:\Frogram  Files \EnergylOvl_5\PROJl 


Hescription: 

"cheme  Number: 

Library  Name: 

simulation  status,  Thermal/DL 
B  eminent  s : 

"eather  file: 

Floor  Area,  ft7 

Iurface  Area,  ft7 
olume,  ft3 

_otal  Conduction  UA,  Btu/h-F 
Average  U-value ,  Btu/hr-f t 7 -F 

I  all  Construction 
oof  Construction 
Floor  type,  insulation 
JJindow  Construction 
Bindow  Shading 
■all  total  gross  area,  ft7 
Roof  total  gross  area,  ft2 
ground  total  gross  area,  ft2 
Bindow  total  gross  area,  ft7 
Bindows  (N/E/S/W:  Roof) 

Glazing  name 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5656.5 
18653 . 0 
362,4 
0.062 

2x4  cypress,  R^14,5,etc 
shingle,  attic,  r-30,  R-30 
Crawl  Space,  Ref f=162 . 7 , et 
2058  double,  wood,  U^O.48, 
36  deg  let  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double ,  0=0 . 4  9 


Minimal  Glazing  Case 
35  /  Saved 
obsolete  /  Not  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro * etl 
2160.0 
5856.5 
18653.0 
337.0 
0.058 

2x4  cypress,  R=14.5,etc 
.5  shingle,  attic,  r-30,  R=30.5 
c  Crawl  Space,  Ref f=l 62 . 7 , etc 
etc 2058  double,  wood,  U^Q.4  8,elc 
36  deg  lat  plumblee,ete 

1536 

2160 

2160 

325 

2/4/13/2:0 
double,  U=0.49 


Bperating  parameters  for  zone  1 

BvaC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  [Heat /SCool/TCool )  ,  kBtu/h  38/25/33 

Mated  Air  Flow/MOGA,  cfm  1210/0 

Beating  thermostat  68.0  CF,  no  setback 

Pooling  thermostat  77,0  F,  no  setup 

Heat /cool  performance  ef f=8G, EER^IO ,  1 

■conomi2er?/type  no/NA 

Buct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  It.,  EL,  HW,  OT;  W/ft2  0.20/0.04/2.08/0.25 

Added  mass?  none 

no 

■  nfiltration,  in2  ACH=0.2 


DX  Cooling  with  Gas  Furnace 

35/22/29 

1054/0 

68.0  ° F,  no  setback 
77*0  ° F,  no  setup 
eff=8G,EER=10.1 
no/NA 
11/10 

0*20/0.04/2.08/0.25 

none 

no 

ACH=0 , 2 


Resul  ts : 

fl  Energy  cost  2 . 020$/Therm,  0 
simulation  dates 
Energy  use,  kBtu 

tnergy  cost,  $ 

aved  by  daylighting,  kWh 
otal  Electric,  kWh 
Internal /External  lights,  kWh 
a  Heating/Cooling/Fan,  kWh 
I  Hot  water/Other,  kWh 
®  Peak  Electric,  kW 

Fuel,  hw/heat /total,  kBtu 

I  Emissions,  C02/S02/N0x,  lbs 
Construction  Costs 
Life-Cycle  Cost 


06 9$ /kWh, 0. G00$/kW  2 . 020$/Therm, 0 

01-Jan  to  31-Dec 
61933 
1251 

4  727 
915/0 
0/2744/280 
0/788 
3.7 

22383/23420/45803 
11763/42/25 
203458 
257916 


0  69$ /kWh , 0 , 000$ / kW 
01-Jan  to  31 -Dec 
58564 
1183 
NA 
4  267 
915/0 
0/2328/236 
0/788 
3.3 

22383/21619/44002 

10932/39/23 

199404 

253958 


I 

I 


I 

I 


kBtu  /  ft’ 


PR0J2  -  ANNUAL  ENERGY  USE 


■  Gas  Furnace  Case  Si  Minimal  Glazing  Case 


12  1  12  0 


Lights  Other 


26  7 


Total 


1 


nergy-10  Summary  Page 
reject:  PR0J2 


Project  Directory: 


Jul  26,  2004 

C : \ Program  Files \Energyl 0vl_5 \PR0J1 


Thermal/DL 


tescription : 

cheme  Number: 

Library  Name: 

Simulation  status, 

Bomments : 
weather  file: 

Floor  Area,  ft 2 

Iurface  Area,  ft1 
olume,  ft3 

Total  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft2-F 
Ball  Construction 
Boof  Construction 
Floor  type,  insulation 
J?indow  Construction 
Bindow  Shading 
Ball  total  gross  area. 

Roof  total  gross  area, 
ground  total  gross  area 
Bindow  total  gross  area 
Bindows  (N/E/S/W :  Roof ) 

Glazing  name 


ft2 
ft2 
ft2 
ft2 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160-0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R= 14. 5, etc 
shingle,  attic,  r-30,  R=30 
Crawl  Space,  Refill 62 . 7,  et 
2050  double,  wood,  0=0.48, 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U-0 . 4  9 


Bperating  parameters  for  zone  1 

BvAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  { Heat /SCool/TCool ) , kBtu/h  38/25/33 

tated  Air  Flow/MOOA,  cfm  1210/0 

eating  thermostat  68,0  °F,  no  setback 

_ooling  thermostat  77,0  °F,  no  setup 

Heat /cool  performance  ef f-80, EER=10 . 1 

Bconomizer  ?/type  no/NA 

Buct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL,EL,HW,0T;  W/ft2  0,20/0.04/2.08/0,25 

JUiaed  mass?  none 

Baylighting?  no 

Bnfiltration,  in2  ACH=0.2 


12  inch  Overhang  Case 
16  /  Saved 
PLBLEVARI EDL I B  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160*0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R=14.5,etc 
.5  shingle,  attic,  r-30,  R=30 . 5 
c  Crawl  Space,  Ref f =162 . 7 , etc 
etc2058  double,  wood,  U~0.4B,etc 
12  inch  overhang, etc 
1536 
2160 
2160 
427 

5/7/13/4:0 
double,  U=0 *  4 9 


DX  Cooling  with  Gas  Furnace 

38/25/33 

1218/0 

68.0  °F,  no  setback 
77,0  ° F,  no  setup 
ef  f~8  0, EER-1Q . 1 
no/NA 
11/10 

0.20/0.04/2,08/0,25 

none 

no 

ACH-Q . 2 


C 


esults 

Energy 


cost  2, 020$ /Therm, 0, Q 69$ /kWh, 0, 000$ /kW 


kWh 


Simulation  dates 
Energy  use,  kBtu 

Energy  cost,  $ 

aved  by  daylighting, 
otal  Electric,  kWh 
Internal/External  lights,  kWh 

I  Heating /Cooling/ Fan,  kWh 
Hot  water/Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat /total,  kBtu 

■  missions,  C02/SQ2/N0x,  lbs 
onstruction  Costs 
Life-Cycle  Cost 


01- Jan  to 


2 . 020$ /Therm, 0 
31 -Dec 
61933 
1251 


4727 

915/0 

0/2744/280 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

203458 

257916 


.069$/ kWh , 0 . 000$ / kW 
01 -Jan  to  31-Dec 
61889 
1250 
NA 
4863 
915/0 
0/2870/289 
0/7  88 
3,7 

22383/22914/45297 

11885/43/26 

200517 

257998 


I 

I 


I 

I 


kBtu  t  ft3 


PR0J2 -ANNUAL  ENERGY  USE 

■  Gas  Furnace  Case  GB  12  inch  Overhang  Case 


I 


nargy-10  Summary  Pag© 

reject :  PR0J2 


Project  Directory; 


Jul  2 6 ,  2004 

C: \Frogram  Files\EnergylOvl_5\PROJl 


description: 

™ c  h erne  Numbe  r : 

Library  Name: 

■  initiation  status,  Thermal/DL 
■omments : 
weather  file: 

Floor  Area,  ft2 

Iurface  Area,  ft* 
olume,  ft3 

Total  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft2-F 
■fall  Construction 
Boof  Construction 
Floor  type,  insulation 
Jlindow  Construction 
■indow  Shading 
■all  total  gross  area,  ft2 
Roof  total  gross  area,  ft 2 
rfround  total  gross  area,  ft 5 
■indow  total  gross  area,  ft2 
Windows  (N/E/S/W ; Roof) 

Glazing  name 


Gas  Furnace  Case 
9  /  Saved 
FLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2X60.0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R=14 . 5, etc 
shingle,  attic,  r-30,  R=30 
Crawl  Space,  Ref £^1 62  *  7 , et 
2058  double,  wood,  D^O .48, 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U^Q . 4  9 


Operating  parameters  for  zone  1 

™VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  (Heat/SCool/TCool) , kBtu/h  38/25/33 

■tated  Air  Flow /MOO A,  cfm  1210/0 

■eating  thermostat  68.0  °F,  no  setback 

Cooling  thermostat  77*0  °F,  no  setup 

Heat/cool  performance  ef f=80, EER=1Q . 1 


Iconomi  zer  ?/type 

uct  leaks/conduct  ion  losses,  total  % 

Peak  Gains;  IL,EL,HW,OT;  W/ ft 2  0.20/0,04/2.08/0.25 

kidded  mass?  none 

■iaylighting? 

■nfilt  rat  ion,  in 


no/NA 

11/10 


no 

ACH=0, 2 


24  inch  Overhang  Case 
17  /  Saved 
PLBLEVARI EDLI B  /  Not  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160,0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R=14.5,etc 
.5  shingle,  attic,  r-30,  R=30 . 5 
c  Crawl  Space,  Reff-162 . 7, etc 
etc 2058  double,  wood,  U^0.4  8,etc 
24  inch  overhang, etc 
1536 
2160 
2160 
427 

5/7/13/4:0 
double,  U=0.49 


DX  Cooling  with  Gas  Furnace 

38/25/33 

1208/0 

68,0  CF,  no  setback 
77,0  °F,  no  setup 
eff=8Q,EER=10. 1 
no/NA 
11/10 

0.20/0.04/2,08/0.25 

none 

no 

ACH=0 . 2 


f 


©suits : 

Energy  cost 


2 . 020$/Therm, 0*069$/kWh, 0. 000$/kW 


kWh 


imuiation  dates 
Energy  use,  kBtu 

Inergy  cost,  $ 

aved  by  daylighting, 
otal  Electric,  kWh 
Internal/External  lights,  kWh 

I  He a ting /Cooling/ Fan,  kWh 
Hot  water /Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat/total,  kBtu 
fcmissions,  C02/S02/N0x,  lbs 
Construction  Costs 
Life-Cycle  Cost 


01-Jan  to 


2 . G20$/Therm, 0 
31 -Dec 
61933 
1251 


4727 

915/0 

0/2744/280 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

203458 

257916 


.  069$/kWh,  0, 000$/kW 
01-Jan  to  31-Dec 
62306 
1259 
NA 
4573 
915/0 
0/2599/272 
0/788 
3.7 

22383/24318/46701 

11662/41/25 

200465 

258054 


l 


I 

I 

I 


kBtu  /  ft* 


PROJ2  -  ANNUAL  ENERGY  USE 

■  Gas  Furnace  Case  d  24  inch  Overhang  Case 


tnergy^lG  Summary  Page 
roject :  PR0J2 

^Description : 

Scheme  Number; 

Library  Name: 


■Simulation  status,  Thermal/DL 
Koinments : 
leather  file; 

Floor  Area,  ft2 
fcurface  Area,  ft2 
J/olume,  ft3 

Total  Conduction  UA,  Btu/h-F 

tverage  U-value,  Btu/hr-ft*-F 
all  Construction 
oof  Construction 
Floor  type,  insulation 
Jtfindow  Construction 
window  Shading 
Wall  total  gross  area,  ft2 
Roof  total  gross  area,  ft2 
ground  total  gross  area,  ft2 
Window  total  gross  area,  ft2 
Windows  ( N/E/ S  /W :  Roof) 

Glazing  name 


Jul  26,  2004 

Project  Directory:  C:\Program  Files \EnergylOvl_5\PROJl 


Gas  Furnace  Case 
9  /  Saved 
PLUMSLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro , etl 


2160.0 

5856*5 

18653*0 

362*4 

0*062 


No  Brick  Pavers  Case 
33  /  Saved 
PLUMB LEEL IB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro  *  etl 
2160*0 
5856,5 
18653*0 
362*8 
0*062 


2x4  cypress,  R~14*5,etc  2x4  cypress,  R=14,5,etc 

shingle,  attic,  r-30,  R=30*5  shingle,  attic,  r-30,  R=30,5 
Crawl  Space,  Reff=162 *  7,  etc  Crawl  Space,  Reff-132.4 

2058  double,  wood,  Q— 0 *  48, etc2056  double,  wood,  U=0*48,etc 
36  deg  lat  plumblee,  etc  36  deg  lat  plumblee,etc 


1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0*49 


1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U“0  *  4  9 


■Dperatrng  parameters  for  zone  1 

^VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  ( Heat/SCooi/TCool ) , kBtu/h  38/25/33 

■Rated  Air  Flow/MOOA, cfm  1210/0 

Wearing  thermostat  68.0  °F,  no  setback 

cooling  thermostat  77*0  °F,  no  setup 

Heat /cool  performance  ef f=80, EER=1Q . 1 

Iconomizer?/type  no/NA 

uct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL,EL,HW,QT;  W/ft2  0.20/0*04/2.08/0*25 


DX  Cooling  with  Gas  Furnace 

38/25/33 

1221/0 

68*0  ° F,  no  setback 
77*0  °F,  no  setup 
ef f =80, EER-10  *  1 
no/NA 
11/10 

0  *  20/0 .04/2.08/0, 25 


i 

f 


dded  mass? 
aylighting? 
nf iltrat ion,  in2 


none 

no 

ACH=0*2 


none 

no 

ACH=0 . 2 


esul ts : 

Energy ' cost  2.020S/Thena, 0.069$/kWh, 0. OOOS/kW  2 . 020$/Therm,  0 . 069$/kWh, 0 . 000$/kW 
inflation  dates  01-Jan  to  31-Dec  01-Jan  to  31-Dec 


63481 
1283 
NA 
4  801 
915/0 
0/2807/292 
0/788 
3.7 

22383/24715/47098 
12015/43/26 
200547 
258932 

I 

I 

I 

I 


kWh 


Energy  use,  kBtu 
^Energy  cost,  $ 
fcaved  by  daylighting, 

"Total  Electric,  kWh 

Internal /External  lights,  kWh 

I  Heating/Cooling/Fan,  kWh 
Hot  water/Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat/total,  kBtu 
■Emissions,  C02/S02/N0x,  lbs 
^Construction  Costs 
Life-Cycle  Cost 


61933 

1251 

4727 

915/0 

0/2744/280 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

203458 

257916 


kBtu  f  ft2 


PR0J2  -  ANNUAL  ENERGY  USE 


■  Gas  Furnace  Case  ESI  No  Brick  Pavers  Case 


30 


20 


Heating  Cooling  Ughts 


294 


Other  Total 


I 


nergy-10  Summary  Page 
ro j eat:  PR0J2 


Project  Directory: 


Jul  26,  2004 

C: \ Program  Files\EnergylOvl_5\FROJl 


■^ascription : 

Scheme  Number: 

Library  Name: 

■Simulation  status,  Thermal/DL 
■omments : 
weather  file: 

Floor  Area,  ft 2 

Iurface  Area,  ft2 
olume,  ft* 

Total  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft2-F 
Mall  Construction 
■loof  Construction 
Floor  type,  insulation 
Jfindow  Construction 
Window  Shading 
wall  total  gross  area,  ft2 
Roof  total  gross  area,  ft2 
ground  total  gross  area,  ft2 
Window  total  gross  area,  ft2 
Windows  {N/E/S/W : Roof) 

Glazing  name 


Gas  Furnace  Case 
9  /  Saved 
obsolete  /  Not  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro, etl 
2160.0 
5356 . 5 
18653.0 
362.4 
0.062 

2x4  cypress,  R^14.5,etc 
shingle,  attic,  r-30,  R=30 
Crawl  Space,  Ref f=l 62 . 7 , et 
2058  double ,  wood,  U-Q .48, 
36  deg  lat  plumblee, etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U^=0.4  9 


Exterior  Walls  2x6  Case 
34  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160.0 
5856.5 
18653.0 
339.3 
0.058 

2x6  cypress,  R=19.8,etc 
.5  shingle,  attic,  r-30,  R-30 *5 
c  Crawl  Space,  Ref f=162 , 7 , etc 
etc 2058  double,  wood,  U=0.4  8,etc 
36  deg  lat  plumblee, etc 

1536 
2160 
2160 
4  27 

5/7/13/4:0 
double,  U=0 , 49 


■jperating  parameters  for  zone  1 

^HVAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  (Heat /SCool/TCool) , kBtu/h  38/25/33 

Mated  Air  Flow/MOOA,  cfm  1210/0 

Westing  thermostat  68,0  flF,  no  setback 

Cooling  thermostat  77.0  0 F ,  no  setup 

Heat /cool  performance  ef f=80, EER=10 , 1 

Bfeconomizer? /t ype  no/NA 

J)uct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL,EL,HW,0T;  W/ft2  0.20/0.04/2.08/0.25 

^Added  mass?  none 

■Daylighting?  no 

■Infiltration,  in2  ACH=0.2 


DX  Cooling  with  Gas  Furnace 

36/24/32 

1187/0 

68.0  ° F,  no  setback 
77,0  ° F,  no  setup 
ef f-8  0 , EER=10 , 1 
no/NA 
11/10 

0.20/0.04/2,08/0.25 

none 

no 

ACH=Q . 2 


f 

■s 

E. 

I 

I 

I 


kWh 


esults : 

Energy  cost  2, 
imulation  dates 
Energy  use,  kBtu 
nergy  cost,  $ 
aved  by  daylighting, 
otal  Electric,  kWh 
Internal /External  lights , 
Heating /Cooling /Fan,  kWh 
Hot  water /Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat/total,  kBtu 
Emissions,  C02/S02/N0x,  lbs 
[Construction  Costs 
Life-Cycle  Cost 


020$ /Therm, 0 . 069$ /kWh, Q,GQ0$/kW 

01- Jan  to 


2. 02 0$/ Therm, 0 
31-Dec 
61933 
1251 


kWh 


4727 

915/0 

0/2744/280 

0/788 

3,7 

22383/23420/45803 

11763/42/25 

203458 

257916 


,  06 9$ /kWh, 0 . 000$ /kW 
01-Jan  to  31-Dec 
59019 
1192 
NA 
4  7  96 
915/0 
0/2816/277 
0/788 
3.7 

22383/20270/42653 
11483/ 4  3/25 
200187 
255790 


I 


I 

I 

I 


kBtu/r 


PR0J2  -  ANNUAL  ENERGY  USE 

■  Gas  Furnace  Case  IS  Exterior  Walls  2x6  Case 


30 


20 


io  e 


Heating 


Cooling 


Lights 


Other  Total 


I 


nergy-10  Summary  Page 

■reject:  PR0J2 


Project  Directory: 


Jul  26,  2004 

C: \ Program  Files \Energyl0vl_5 \PR0J1 


Thermal/DL 


»  ascription: 

cheme  Number: 

Library  Name: 

Simulation  status, 
iomments : 

Weather  file: 

Floor  Area,  ft 2 

Iurface  Area,  ft2 
Glume,  ft2 

Total  Conduction  UA,  Btu/h-F 
JWerage  Upvalue,  Btu/hr-£t2-F 
Sail  Construction 
Btoof  Construction 
Floor  type,  insulation 

tindow  Construction 
indow  Shading 
all  total  gross  area, 

Roof  total  gross  area, 
ground  total  gross  area, 
iindow  total  gross  area, 
Windows  [N/E/S/W :  Roof ) 

Glazing  name 


ft2 

ft2 


ft2 
ft 2 


Infiltration  0,5  ACH  Case 
20  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro , et 1 
2160.0 
5856.5 
18653.0 
362,4 
0.062 

2x4  cypress,  R=14.5,etc  2x4  cypress,  R=14.5,ete 

shingle,  attic,  r-30,  R^30.5  shingle,  attic,  r-30,  R=30.5 
Crawl  Space,  Ref f=162 . 7, etc  Crawl  Space,  Ref f=162 . 7, etc 
2058  double,  wood,  U=0 , 48, etc2G58  double,  wood,  U=G.48,etc 
36  deg  lat  plumblee, etc  36  deg  lat  plumblee,etc 

1536  1536 

2160  2160 

2160  2160 

427  427 

5/7/13/4:0  5/7/13/4:0 

double,  U=0, 49  double,  U=0. 49 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856 . 5 
18653 , 0 
362.4 
0,062 

4  cypress,  R=14 . 5,  etc 


operating  parameters  for  zone  1 

TlVAC  system  DX  Cooling  with  Gas  Furnace  DX  Cooling  with  Gas  Furnace 

Rated  Output  (Heat/SCool/TCool ) , kBtu/h  38/25/33 

tated  Air  Flow/MOOA, cfm  1210/0 

eating  thermostat  68.0  °F,  no  setback 

Cooling  thermostat  77.0  °F,  no  setup 

Heat/cool  performance  ef f=80, EER=10 . 1 

iconomizer?/type  no/NA 

Juct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL, EL, HW, OT;  W/ft2  0.20/0.04/2.08/0.25 

kidded  mass? 
iaylighting? 
infiltration,  in2 


none 

no 

ACH-0 . 2 


46/28/37 
1287/0 
F,  no  setback 
.0  0 F,  no  setup 
eff=80,EER-10. 1 
no/NA 
11/10 
08/0.25 
none 
no 

ACH-0  *  5 


68.0 

77 


0.20/0.04/2 


kWh 


results: 

Energy  cost  2 
imulation  dates 
Energy  use,  kBtu 

Inergy  cost,  $ 

aved  by  daylighting, 
otal  Electric,  kWh 
Internal/External  lights, 

I  Heating/Cooling/Fan,  kWh 
Hot  water /Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat/ total,  kBtu 

■Emissions,  C02/SG2/N0x,  lbs 
Construction  Costs 
Life-Cycle  Cost 


020$ /Therm, 0.069$/ kWh, 0. 0D0$/kW  2 . Q20$/Therm, 0 

01-Jan  to  31-Dec 
61933 
1251 


kWh 


4727 

915/0 

0/2744/280 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

203458 

257916 


I 

I 

I 


069$ /kWh, 0 . 0Q0$/kW 
01-Jan  to  31-Dec 
7  6381 
15  4  3 
NA 
4666 
915/0 
0/2664/299 
0/788 
4.2 

22383/38078/60461 

13411/44/27 

201844 

268556 


I 


kBtu  /  ft1 


PR0J2  -  ANNUAL  ENERGY  USE 

■  Gas  Furnace  Case  ED  Infiltration  0.5  ACH  Case 


40 


35  4 


I 


nergy-10  Summary  Page 
roject:  PR0J2 


Project  Directory: 


Jul  26,  2004 

C : \Program  Files\Energyl0vl_5\ PRQJ1 


Thermal /DL 


description : 

"cheme  Number: 

Library  Name; 

Simulation  status, 

Comments : 

Weather  file: 

Floor  Area,  ft 2 

Kurface  Area,  ft2 
olume,  ft3 

Total  Conduction  UA,  Btu/h-F 

fverage  U-value,  Btu/hr-ftz^F 
all  Construction 
oof  Construction 
Floor  type,  insulation 
JJindow  Construction 
■findow  Shading 
Wall  total  gross  area,  ft2 
Roof  total  gross  area,  ft2 
ground  total  gross  area 
Window  total  gross  area 
Windows  [  M/E/S/W :  Roof) 

Glazing  name 


Gas 


ft2 

ft2 


Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856.5 
18653,0 
362.4 
0.062 

2x4  cypress,  R=14.5,etc 
shingle,  attic,  r-30,  R-30.5 
Crawl  Space,  Ref f-162 . 7 , etc 
2058  double,  wood,  U=0 .48, etc 
36  deg  lat  plumblee,ete 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U-0.49 


Infiltration  1.0  ACH  Case 
21  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R=14,5,etc 
shingle,  attic,  r-30,  R=30.5 
Crawl  Space,  Reff=162 . 7,  etc 
2058  double,  wood,  0=0 . 4  8 , etc 
36  deg  lat  plumb lee, etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U^O.49 


■>perating  parameters  for  zone  1 

^VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  (Heat /SCool/TCool )  ,  kBtu/h  38/25/33 

■lated  Air  Flow/MGOA, cfrn  1210/0 

^eating  thermostat  68.0  °F,  no  setback 

Cooling  thermostat  77.0  °F,  no  setup 

I  Heat /cool  performance  ef f=8Q, BER=10 . 1 

Economizer? /type  no/NA 

puct  leaks/conduction  losses,  total  %  11/10 

Peak  Gains;  IL,EL,HW,QT;  W/ft2  0.20/0.04/2.08/0.25 

J^dded  mass?  none 

fcaylighting?  no 

Wnfiltration,  in2  ACH=0 . 2 


DX  Cooling  with  Gas  Furnace 

59/32/43 

1417/0 

68,0  0  F,  no  setback 
77.0  °F,  no  setup 
eff=80, EER^IO . 1 
no/NA 
11/10 

0.20/0.04/2.08/0.25 

none 

no 

ACH=1 . 0 


kWh 


^Results : 

■  Energy  cost  2 
“Simulation  dates 
Energy  use,  kBtu 
Energy  cost,  $ 

■saved  by  daylighting, 

"Total  Electric,  kWh 

Internal/External  lights, 

I  Heating /Cooling /Fan,  kWh 
Hot  water/Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat /total,  kBtu 

t  missions,  C02/S02/N0x,  lbs 
onstruction  Costs 
Life-Cycle  Cost 


020$ /Therm,  0 . 06 9$ /kWh, 0 . OQQS/kW 

Ql-Jan  to 


2, 020$ /Therm, 0 
31-Dec 
61933 
1251 


kWh 


4727 

915/0 

0/2744/280 

0/788 

3.7 

22383/23420/45803 

11763/42/25 

203458 

257916 


I 


.  0695/kWh, 0. 000$/kW 
01-Jan  to  31-Dec 
104793 
2117 
NA 
4653 
915/0 
0/2610/340 
0/788 
4 . 9 

22383/66534 /B8916 
16754/47/31 
204221 
288936 


I 

I 

I 


kBtu  /  ft 


PR0J2  •  ANNUAL  ENERGY  USE 


H  Gas  Furnace  Case  E  Infiltration  1 .0  ACH  Case 


I 


nergy-10  Summary  Page 
reject:  PRQJ2 


Project  Directory: 


Jul  26,  2004 

C: \Program  Files\Energyl0vl_5\PRQJl 


§escription: 

_cheme  Number: 

Library  Name: 

Simulation  status,  Thermal/DL 
Bomments : 
leather  file: 

Floor  Area,  ft2 
■urf  ace  Area,  ft2 
Bolume,  ft3 

"otal  Conduction  UA,  Btu/h-F 
Average  Upvalue,  Btu/hr-ft2-F 

I  all  Construction 
oof  Construction 
Floor  type,  insulation 
Jfindow  Construction 
Bindow  Shading 
Ball  total  gross  area,  ft2 
Roof  total  gross  area,  ft2 
ground  total  gross  area,  ft2 
Bindow  total  gross  area,  ft2 
Bindows  {N/E/S /W :  Roof ) 

Glazing  name 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. et 1 
2160 . 0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R^14.5,etc 
shingle,  attic,  r-30,  R=30 
Crawl  Space,  Ref f =1 62 . 1 ,  et 
2058  double,  wood,  13=0.48, 
36  deg  lat  plumblee, etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0 . 4 9 


Bperating  parameters  for  zone  1 

™VAC  system  DX  Cooling  with  Gas  Furnace 

Rated  Output  ( Heat /SCool/TCool ) , kBtu/h  38/25/33 

Rated  Air  Flow/MOOA,  cfm  1210/0 

Beating  thermostat  68.0  °F,  no  setback 

cooling  thermostat  77.0  °F,  no  setup 

Heat/cool  performance  ef f-80, EEH-10 . 1 


no/NA 

11/10 


Iconomi2er?/t  ype 

uct  leaks/conduction  losses,  total  % 

Peak  Gains;  XL,EL,HW,OT;  W/ft2  0.20/0*04/2.08/0.25 

Added  mass?  none 

Iaylighting? 

nf iltration,  in2 


no 

ACH-0 *  2 


Infiltration  1.5  ACH  Case 
22  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro.etl 
2160.0 
5856.5 
18653.0 
362.4 
0*062 

2x4  cypress,  R=14.5,etc 
.5  shingle,  attic,  r-30 ,  R=30.5 
c  Crawl  Space,  Ref f=162 * 7, etc 
etc2058  double,  wood,  11=0.48,  etc 
36  deg  lat  plumblee, etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0 . 4  9 


DX  Cooling  with  Gas  Furnace 

73/37/49 

1560/0 

68.0  DF,  no  setback 
77.0  °F,  no  setup 
ef f=80, EER^IO . 1 
no/NA 
11/10 

0.20/0.04/2.08/0.25 

none 

no 

ACH-1 . 5 


Jtesults : 

B  Energy  cost  2 . 020$/Therm, 0 . G69$/kWh,  0. 000$/kW  2 . 020$/Therm, 0 

Simulation  dates  01- Jan  to  31-Dec 

Energy  use,  kBtu  61933 

^nergy  cost,  $  1251 

Saved  by  daylighting,  kWh 

Beta!  Electric,  kWh  4727 

Internal /External  lights,  kWh  915/0 

I  Heating/Cooling/Fan,  kWh  0/2744/280 

Hot  water/Other,  kWh  0/788 

Peak  Electric,  kw  3.7 

Fuel,  hw/heat /total,  kBtu  22383/23420/45803 

Remissions ,  CQ2/S02/N0x,  lbs  11763/42/25 

■Construction  Costs  203458 

^Life-Cycle  Cost  257  916 


0  69$/ kWh,  0 . 000$ /  kW 
0 1- Jan  to  31-Dec 
135009 
2727 
NA 
4  702 
915/0 
0/2613/386 
0/7  8  8 
5,6 

22383/96583/118965 
20369/50/35 
20  65  B  0 
310302 


I 

I 


I 

I 


kBtu  /  ft1 


PRO J2  *  ANNUAL  ENERGY  USE 

H  Gas  Furnace  Case  E2  Infiltration  1.5  ACH  Case 

70 

62  5 


60 


Heating  Cooling  Lights  Other 


I 


nergy-10  Summary  Page 
ro ject :  PR0J2 


Project  Directory: 


Jul  26,  2004 

C: \Program  Files\Energyl0vl_5\FROJl 


I  ascription : 

cheme  Number: 

Library  Name: 

Iimulation  status,  Thermal /DL 
omments : 
eather  file: 

Floor  Area,  fta 

«urfaee  Area,  ft2 
Glume,  ft3 

otal  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft2-F 

Jail  Construction 
oof  Construction 
eloor  type,  insulation 
Window  Construction 

Iindow  Shading 

all  total  gross  area,  ft2 
Roof  total  gross  area,  ft2 
Ground  total  gross  area,  ft3 
Blindow  total  gross  area,  ft2 
Windows  (N/E/S/W:  Roof ) 

Glazing  name 


Infiltration  2.0  ACH  Case 
23  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . et 1 
2160.0 
5856.5 
18653.0 
362.4 
0.062 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro , etl 
2160.0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R=I4.5,etc  2x4  cypress,  R-14.5,etc 
shingle,  attic,  r-30,  R=30.5  shingle,  attic,  r-30,  R=30,5 
Crawl  Space,  Ref f=*162 .7,  etc  Crawl  Space,  Ref f =162 . 7 ,  etc 
2050  double,  wood,  U=0 , 48, etc2058  double,  wood,  0=0.48, etc 
36  deg  lat  plumblee,etc  36  deg  lat  plumblee,etc 

1536  1536 

2160  2160 

2160  2160 

427  427 

5/7/13/4:0  5/7/13/4:0 

double,  0=0 . 4 9  double ,  U=G . 4 9 


tperating  parameters  for  zone  1 

VAC  system  DX  Cooling  with  Gas  Furnace  DX  Cooling  with 

Rated  Output  ( Heat/SCool/TCool ) , kBtu/h  38/25/33 

rfated  Air  Flow/MOOA, cfm  1210/0 

Bieating  thermostat  68.0  °F,  no  setback 

B:00ling  thermostat  77,0  °F,  no  setup 

Heat /cool  performance  ef f=80, EER=10 . 1 

^conomizer?/type  no/NA 

Buct  leaks/conduction  losses,  total  %  11/10 

^eak  Gains;  IL,EL,HW,OT;  W/ft*  0.20/0.04/2.08/0.25 

Added  mass?  none 

faylighting?  no 

nfiltration,  in!  ACH=0.2 


68.0  ° 
77.0 
ef  f 


0.20/0 


Gas  Furnace 
88/41/55 
1778/0 
no  setback 
F,  no  setup 
=80, EER=10. 1 
no/NA 
11/10 
04/2.08/0.25 
none 
no 

ACH=2 . 0 


2 . 020$ /Therm, 0 . 06 9$ /kWh, 0 . 000$/kW  2 . 020$/Therm, 0 . 069$ /kWh, 0. 000$ /kW 


kWh 


Results : 

H  Energy  cost 
Simulation  dates 
Energy  use,  kBtu 
Energy  cost,  $ 

Baved  by  daylighting, 

Blotal  Electric,  kWh 

Internal /External  lights,  kWh 

I  Heating /Cooling /Fan,  kWh 
Hot  water/Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat /total,  kBtu 

I  Emissions,  CG2/S02/N0x,  lbs 
Construction  Costs 
Life-Cycle  Cost 


Gl-Jan  to  31-Dec 
61933 
1251 

4727 

915/0 

0/2744/280 

0/788 

3,7 

22383/23420/45803 

11763/42/25 

203458 

257916 


Gi-Jan  to  31-Dec 
166753 
3369 
NA 
4  7  93 
915/0 
0/2636/454 
0/788 
6.2 

22383/128014/150397 

24204/54/39 

209245 

333136 


I 

I 


I 

I 


kBtu  /  ft1 


PR0J2  *  ANNUAL  ENERGY  USE 

Gas  Furnace  Case  d.  Infiltration  2.0  ACH  Case 


I 


nergy-10  Summary  Page 
reject:  PR0J2 


Project  Directory: 


Jui  26,  2004 

C: \ Program  Files \Energyl0vl_5\PRGJl 


Ieseription : 

eheme  Number: 

Library  Name: 

Simulation  status,  Thermal/DL 
Bomments : 

Beather  file : 

Floor  Area,  ft3 

turface  Area,  ft2 
olume,  ft3 

_otal  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft 2-F 
■Jail  Construction 
Boof  Construction 
Bloor  type,  insulation 
Window  Construction 
■findow  Shading 
Ball  total  gross  area,  ft2 
Roof  total  gross  area,  ft2 
Ground  total  gross  area,  ft2 

Sindow  total  gross  area,  ft2 
indows  (N/E/S/W : Roof ) 

Glazing  name 


Gas  Furnace  Case 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160.0 
5856.5 
18653.0 
362.4 
0.062 

2x4  cypress,  R=14*5,etc 
shingle,  attic,  r-30,  R=30 
Crawl  Space,  Ref f =162 . 7 , et 
2050  double,  wood,  0=0.48, 
36  deg  let  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0.49 


7 OF  Winter  &  75F  Summer  Case 
24  /  Saved 
PLUMBLEELIB  /  Saved 
vaiid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160.0 
5856*5 
1B653.0 
362.4 
0.062 

2x4  cypress,  R= 14. 5, etc 
.5  shingle,  attic,  r-30,  R=30.S 
c  Crawl  Space,  Ref f=162 . 7, etc 
etc2Q58  double,  wood,  U“0 . 48 , etc 
36  deg  lat  plumblee, etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  0=0.49 


Bperating  parameters  for  zone  1 

BvAC  system  DX  Cooling  with  Gas  Furnace  DX  Cooling  with 

Rated  Output  (Heat /SCool/TCool ) , kBtu/h  38/25/33 

^ated  Air  Flow/MOOA,  cfm  1210/0 

Beating  thermostat  68.0  °F,  no  setback 

Booling  thermostat  77.0  °F,  no  setup 

Heat/cool  performance  ef f =80 , EER=10 , X 

■Economizer?/ type  no/NA 

B)uct  leaks/conduction  losses,  total  %  11/10 

Beak  Gains;  IL,EL,HW,OT;  W/ft2  0.20/0.04/2.08/0.25 

Added  mass?  none 

Paylighting?  no 

nfiltration,  in2  ACH=0.2 


70.0  ° 
75.0 
eff 


0.20/0. 


Gas  Furnace 
41/26/35 
1416/0 
no  setback 
F,  no  setup 
=80 , EER=10 . 1 
no/NA 
11/10 
04/2.08/0.25 
none 
no 

ACH=0 . 2 


Results: 

t  Energy  cost  2 . 020$/Therm, 0 . 0695/kWh, 0 . OOOS/kW  2 , 020$/Therm, 0 . 
imulation  dates  01-Jan  to  31-Dec 

Energy  use,  kBtu  61933 

Energy  cost,  $  1251 

Baved  by  daylighting,  kWh 

Brotal  Electric,  kWh  4727 

Internal/External  lights,  kWh  915/0 

I  Heating/Cooling/Fan,  kWh  0/2744/280 

1  Hot  water/Other,  kWh  0/7B8 

i  Peak  Electric,  kW  3.7 

Fuel,  hw/heat/total,  kBtu  22383/23420/45803 

I  Emissions,  C02/S02/N0x,  lbs  11763/42/25 

Construction  Costs  203458 

Li fe -Cycle  Cost  257916 


069$ /kWh, 0 . G00$/kW 
01-Jan  to  31-Dec 
73980 
1495 
NA 
5546 
915/0 
0/3438/405 
0/788 
4.0 

22383/32673/55056 

13956/50/30 

201592 

266986 


I 


I 

I 

I 


kBtu  /  ft 


PROJZ  •  ANNUAL  ENERGY  USE 

■  Gas  Furnace  Case  CD  70F  Winter  &  75F  Summer  Case 


I 


nergy^XG  Smomary  Page 
reject;  PR0J2 


Project  Directory: 


Jul  27 #  2004 

C : \ Program  Files \Energy 10vl_5 \PR0J1 


fescrrption : 

cheme  Number: 

Library  Name: 

Simulation  status,  Thermal /DL 
Bomments : 

Beather  file; 

Floor  Area,  fta 
Surface  Area,  ft2 
Bolume,  ft2 

Botal  Conduction  UA,  Btu/h-F 
Average  U-value,  Btu/hr-ft2-F 
wall  Construction 
Boof  Construction 
^loor  type,  insulation 
Window  Construction 
■tfindow  Shading 
Ball  total  gross  area,  ft2 
"oof  total  gross  area,  ft2 
Ground  total  gross  area,  ft2 

I  Window  total  gross  area,  ft 2 
Windows  (N/E/S/W : Roof ) 

Glazing  name 


Gas  Furnace  Case  72F 
9  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro . etl 
2160,0 
5856.5 
18653.0 
362.4 
0.062 

2  x  4  cypress,  R=14.5,etc 
shingle,  attic,  r-30,  R=30.5 
Crawl  Space,  Ref f=162 . 7, etc 
2058  double,  wood,  U=0.48, etc 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  U=0.49 


Winter  &  73F  Summer  Case 
29  /  Saved 
PLUMBLEELIB  /  Saved 
valid/NA 
EES  by  Harry  Boody,  PE 
Grnsboro. etl 
2160.0 
5856.5 
18653.0 
362.4 
0.062 

x  4  cypress,  R=14.5,etc 
shingle,  attic,  r-30,  R=30.5 
Crawl  Space,  Reff=162.7, etc 
2058  double,  wood,  U-0.48,etc 
36  deg  lat  plumblee,etc 

1536 

2160 

2160 

427 

5/7/13/4:0 
double,  0=0.49 


B9perating  parameters  for  zone  1 

BvAC  system  DX  Cooling  with  Gas  Furnace  DX  Cooling  with 

Rated  Output  (Heat/SCool/TCool) , kBtu/h  38/25/33 

^ated  Air  Flow/MOOA,  cfm  1210/0 

Beating  thermostat  68.0  °F,  no  setback 

Booling  thermostat  77.0  °F,  no  setup 

Heat /cool  performance  ef f=80, EER=10 , 1 

mEc  onomi ze  r  ?  / 1  ype  no^ 

Buct  leaks/conduction  losses,  total  %  11/10 

Beak  Gains;  IL,EL,HW,OT;  W/ft2  0.20/0,04/2.08/0.25 

Added  mass?  none 

Faylighting? 

nf lit rat ion,  in2  ACH-0.2 


72,0  0 
73.0 
eff 


0.20/0 


Gas  Furnace 
44/28/37 
1674/0 
no  setback 
° F,  no  setup 
=8  0 , EER-10 . 1 
no/NA 
11/10 
04/2.08/0.25 
none 
no 

ACH=0.2 


2 , 020$ /Them,  0 , 06 9$ /kWh,  0 . 0005 /kW  2 . 020$/Therm,  0 


kWh 


Results : 

I  Energy  cost 
Simulation  dates 
Energy  use,  kBtu 
Energy  cost,  $ 

I  Saved  by  daylighting, 

Total  Electric,  kWh 
Internal/External  lights,  kWh 

I  Heating /Coo ling /Fan,  kWh 
Hot  water /Other,  kWh 
Peak  Electric,  kW 
Fuel,  hw/heat /total,  kBtu 
■Emissions,  C02/S02/N0x,  lbs 
Iconstruction  Costs 
^Life-Cycle  Cost 


Gl-Jan  to 


31-Dec 

61933 

1251 


4  727 
915/0 
0/2744/280 
0/788 
3,7 

22383/23420/45803 

11763/42/25 

203458 

257916 


,  069$ /kWh, 0 . 000$ /kW 
01- Jan  to  31-Dec 
96174 
1943 
NA 
6815 
915/0 
0/4482/630 
0/788 
4.2 

22383/50536/72919 

17771/62/37 

202916 

282253 


kBtu/ft1 


PR0J2  -  ANNUAL  ENERGY  USE 

U  Gas  Furnace  Case  EE  72F  Winter  &  73F  Summer  Case 
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